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1ABSTRACT
The Central Chain ophiolites in New Caledonia contain layered gabbros, dolerites, and 
volcanics overlain by pelagic siltstones and a thick Middle Triassic to Upper Jurassic 
volcaniclastic sequence. All of the Central Chain ophiolite fragments, with the exception of 
the Koh ophiolite, were formed in response to a single tholeiitic magmatic episode and are 
similar in their petrogenesis and geochemistry to modem backarc basin basalts. The Koh 
ophiolite was formed during two tholeiitic magmatic episodes separated by a boninitic 
event. The boninites formed shortly after the production of backarc basin crust and shortly 
before a second spreading event which resulted in 40-60% extension of the initial basin 
crust. Based on the characteristics of the Koh ophiolite a new model for boninite 
generation is proposed, which involves adiabatic decompression of hot depleted mantle 
residuum remaining after the production of earlier tholeiites. This occurs during initiation 
of rifting of young oceanic crust in association with the propagation of a backarc basin 
spreading centre.
Sedimentary rocks above the ophiolite consist of pelagic siltstones overlain by a thick 
sequence of tuffaceous siltstones, black siltstone turbidites, volcaniclastic sandstones and 
conglomerates deposited in a deep water environment by high-density turbidity currents 
and debris flows from a nearby calc-alkaline arc volcanic source. No definite evidence for 
the presence of any continental material was found within these Central Chain sedimentary 
rocks.
Termination of deposition, amalgamation and/or accretion of the pre-Cretaceous terranes 
in New Caledonia to Gondwana occurred in the Late Jurassic or the Early Cretaceous in a 
compressional tectonic regime, followed by a strike-slip tectonic regime, which may have 
developed as a result of global changes in plate vectors, ridge subduction or arc continent- 
collision. These terranes were generated within a complex regional system of island arcs, 
close enough from the Gondwana continent to share similar flora although far enough 
away to be devoid of continent-derived sediments. Comparison of the New Caledonian 
terranes with those of New Zealand and eastern Australia indicates no conclusive genetic 
relationship beyond their present location and their arc-related character.
The Paleogene rocks in New Caledonia and a number of submerged basins and ridges 
around the island formed in response to extensional tectonics in the Cretaceous and 
collision tectonics in the Eocene. Collision occurred during the attempted subduction of 
the New Caledonian continental block beneath a west-facing island arc and resulted in the 
obduction of an ultramafic nappe over an earlier nappe of Late Cretaceous to Late 
Paleocene basalts. The entire collision, from the initial upwarping of the thinned New 
Caledonian continental fragment to significant erosion of the ultramafic nappe, occurred 
over a relatively short interval (<10 Ma). This collision was approximately synchronous 
with the eruption and deposition of the oldest rocks recorded from the modern Tonga- 
Kermadec system.
11
ACKNOWLEDGMENTS:
Firstly I would like to thank Ruth Painter for her help in the field in New Caledonia, for 
proofreading the thesis and for her encouragement throughout the project.
I would also especially like to thank Jonathan Aitchison, my supervisor, for his support, 
friendship and advice as well as quick and helpful reviews of the many chapters in this 
thesis. I would also like to thank the staff at the University of Sydney, particularly Geoff 
Clarke for discussions on the development of the island and Dietmar Müller for showing 
the correct way to move tectonic plates.
In New Caledonia I would like to thank:
- Dominique Cluzel for company in the field and many stimulating conversation on the 
development of New Caledonia;
- Christian Picard for providing some of the unpublished data used in this thesis;
- Marc and Edith Lavigne for providing friendship and accommodation while in Nouméa.
I am grateful to Tony Crawford at the University of Tasmania for providing wholerock 
analyses, interesting discussions on the origin of boninites and reviews of some of the 
ideas in Chapter 5.
I would also like to thank George Chaproniere for taking the time to examine some of the 
samples, and the various people which have helped with technical aspects of this thesis 
including Richard Ross (Geology Library), Geoff Denton (CSIRO), Clive Nockolds 
(EMU), Fred Scott (UNSW).
Thanks to James Stratford for putting up with my mess for so long, as well as to Alexa 
Troedson, Dan Dunkley, Ian Cooper, John Greenfield, Richard White and the rest of the 
postgrads for the endless coffee breaks, the frisbee and the beer.
mTABLE OF CONTENTS
Abstract.......................................................................................................................................................................i
Acknowledgments.................................................................................................................................................... ii
List of T ab les........................................................................................   vi
List of F igures.......................................................................................................................................................vi
List o f M ap s....................................................................................................................................................... viii
List o f Cross S ections......................................................................................................................................viii
CHAPTER 1 : INTRODUCTION........................................................................................................................................... 1
Thesis aims and structure..........................................................................................................................................5
Fieldwork................................................................................................................................................................... 6
Background information on island arc systems.....................................................................................................6
Previous research....................................................................................................................................................... 8
Lithostratigraphic and tectonostratigraphic nom enclature......................................................................... 11
Nomenclature......................................................................................................................................................... 14
CHAPTER 2: CENTRAL CHAIN OPHIOLITES: STRUCTURE AND STRATIGRAPHY...........................15
Introduction.............................................................................................................................................................. 16
The Koh ophio lite ................................................................................................................................................16
Plutonic sequence....................................................................................................................................18
Transition zone........................................................................................................................................ 18
Extrusive sequence................................................................................................................................. 22
Sedimentary rocks............................................................................................................................... 24
Faults within the ophiolite..................................................................................................................... 24
The Pocquereux ophiolite.......................................................................................................................................27
Plutonic sequence................................................................................................................................... 27
Transition zone........................................................................................................................................28
Extrusive sequence................................................................................................................................. 28
Sedimentary rocks............................................................................................................................... 28
Koua and Nassirah ophiolites.......................................................................................................................... 29
Sphinx and Tarouim ba ophiolites................................................................................................................... 31
Plutonic sequence....................................................................................................................................33
Transition zone........................................................................................................................................33
Extrusive sequence................................................................................................................................. 33
Cantaloupaï ophiolite.............................................................................................................................................. 34
Field relationships of the Central Chain ophiolites............................................................................................ 34
CHAPTER 3: IGNEOUS MINERALOGY AND PETROGRAPHY.......................................................................... 38
The Koh O phiolite.............................................................................................................................................. 39
Cumulate gabbros................................................................................................................................... 39
Isotropic gabbros................................................................................................................................. 40
Transition zone........................................................................................................................................40
Lower tholeiitic basalts...........................................................................................................................43
B onin ites............................................................................................................................................... 43
Upper tholeiite intrusions................................................................................................................. 51
Upper tholeiitic basalts......................................................................................................................51
Central Chain ophiolites......................................................................................................................................... 52
Pocquereux ophiolite..........................................................................................................................52
Koua and Nassirah ophiolites................................................................................................................ 53
Sphinx and Tarouimba ophiolite...........................................................................................................53
Cantaloupaï..............................................................................................................................................55
Crystallisation sequence................................................................................................................................ 55
Clinopyroxene composition.......................................................................................................................... 56
CHAPTER 4: METAMORPHISM OF THE CENTRAL CHAIN OPHIOLITES........................................59
Sea floor metamorphism in the Central Chain ophiolites....................................................................60
Alteration within the Koh ophiolite........................................................................................61
The effect of multiple intrusion................................................................................................64
Sea floor metamorphism in other Central Chain ophiolites....................................................... 65
Burial metamorphism....................................................................................................................................65
Early Cretaceous metamorphism.................................................................................................................. 65
Tertiary high P/T metamorphism.................................................................................................................. 66
CHAPTER 5: GEOCHEMISTRY OF THE CENTRAL CHAIN OPHIOLITES......................................... 67
Alteration and element mobility............................................................................................... 68
Fractionation history................................................................................................................................. 73
Tholeiites........................................................................................................................................73
Boninites and felsic volcanics........................................................................................................74
Sources of the magma suites......................................................................................................................... 78
Spreading history...........................................................................................................................................80
Tectonic setting.......................................................................................................................................... 83
Tectonic setting of the tholeiites.................................................................................................... 84
Tectonic setting of the boninites.................................................................................................... 92
Boninite models......................................................................................................................................... 95
Evolution of the Koh ophiolite......................................................................................................................98
Implications for other ophiolites..................................................................................................................104
CHAPTER 6: PERMIAN TO JURASSIC ARC-RELATED SEDIMENTARY SEQUENCES................. 105
Introduction..................................................................................................................................................106
Stratigraphy and sedimentology of the Central Chain terrane..................................................................106
O Kaka Formation (new name)....................................................................................................109
Xwe Xwai Formation (new name).............................................................................................. 111
Sarramea Formation (new name)............................................................................................ 113
Me Gu Formation (new name).....................................................................................................115
The sequence above the Me Gu Formation........................................................................... 116
Jurassic rocks of the Central Chain.............................................................................................. 117
Dolerite intrusions in the Central Chain...................................................................................... 117
Ichnology......................................................................................................................................117
Deposition environment............................................................................................................... 122
Sandstone petrography............................................................................................................. 123
Black siltstone petrography.................................................... .................................................... 129
Sedimentary history......................................................................................................................131
Stratigraphy and sedimentology of the Teremba terrane.....................................................................132
Sandstone petrography............................................................................................................. 133
Petrography of the Teremba volcanics.........................................................................................135
Sedimentary history......................................................................................................................135
Undifferentiated sections............................................................................................................................. 137
Moindou sedimentary sequence.............................................................................................. 137
Thio.............................................................................................................................................138
Clinopyroxene chemistry.........................................................................................................................138
Sedimentary major and trace element geochemistry.............................................................................139
Isotope geochemistry................................................................................................................................148
Conclusions...............................................................................................................................................152
iv
VCHAPTER 7: TECTONIC AND GEODYNAMIC HISTORY OF THE CENTRAL CHAIN
AND TEREMBA TERRANES............................................................................................................................153
Introduction................................................................................................................................................. 154
Paleobiogeography...................................................................................................................................\ 54
Correlating New Caledonian, New Zealand and Australian terranes...................  155
Initiation of the arc system...........................................................................................................................160
Termination of the arc system................................................................................................................ 160
Structures formed during terrane accretion..................................................................................160
Strike slip faulting........................................................................................................................ 161
Plate tectonic evidence for a Cretaceous strike slip regime...................................................... 163
Island arc collision & obduction.................................................................................................. 165
Ridge collision............................................................................................................................. 166
Changes in plate vectors...............................................................................................................167
Geodynamic history of the system of island arcs................................................................................ 167
CHAPTER 8: LATE CRETACEOUS AND CENOZOIC TECTONIC EVOLUTION OF NEW
CALEDONIA.......................................................................................................................................................... 169
Introduction................................................................................................................................................. 170
Cretaceous and Paleocene overlap sequence.........................................................................................170
Age...............................................................................................................................................174
Cretaceous volcanics................................................................................................................ 174
Tectonic setting............................................................................................................................ 176
Eocene syn-collisional sedimentary sequence...................................................................................... 177
Tectonic setting............................................................................................................................ 179
Poya terrane.................................................................................................................................................180
Age...............................................................................................................................................180
Geochemistry............................................................................................................................... 182
Tectonics...................................................................................................................................... 188
Ultramafic terrane......................................................................................................................................192
Nepoui sedimentary sequence..................................................................................................................... 193
High P/T metamorphism............................................................................................................................. 194
CHAPTER 9: NEW CALEDONIA AND SOUTH WEST PACIFIC TECTONICS........................................197
Cretaceous and Paleocene extensional tectonics.................................................................................. 198
Norfolk Ridge.............................................................................................................................. 198
Lord Howe Rise...........................................................................................................................200
The New Caledonia Basin...................................................................................................... 200
Extension to the east of New Caledonia...............................................................................200
Eocene collision and peridotite obduction..................................................................................................202
Loyalty Ridge.............................................................................................................................. 204
D’Entrecasteaux Zone.............................................................................................................. 207
Subduction zone to the southeast of New Caledonia................................................................ 208
Morphology of the obduction/subduction zone..........................................................................208
New Guinea-New Caledonia-New Zealand obductions...................................................... 211
Eocene to recent southwest Pacific........................................................................................................212
CHAPTER 10: CONCLUSIONS AND FUTURE RESEARCH POSSIBILITIES..........................................214
Further research...........................................................................................................................................217
REFERENCES.......................................................................................................................................................... 218
APPENDICES:
Appendix 1: Sample numbers and location................................................................................ 232
Appendix 2: Report on identification of Eocene foraminifers...........................................234
Appendix 3: Analytical methods................................................................................................. 238
LIST OF TABLES
Table 1.1 List of terranes, their extent and their correlatives............................................................................. 13
Table 3.1 Clinopyroxene com position................................................................................................................ 46
Table 5.1 Koh ophiolite XRF results................................................................................................................... 69
Table 5.2 Central Chain ophiolites XRF results........................................................................................................71
Table 5.3 Least square mixing between boninites and upper tholeiites..................................................................76
Table 5.4 Koh ophiolite REE table.......................................................................................................................79
Table 6.1 Stratigraphic thickness of basal Central Chain sedimentary units......................................................... 109
Table 6.2 QFL point counts................................................................................................................................... 127
Table 6.3 Composition of detrital illites and chlorite.........................................................................................131
Table 6.4 Wholerock analyses from Central Chain terrane sedimentary rocks................................................ 142
Table 6.5 Wholerock analyses from Teremba terrane..........................................................................................142
Table 6.6 Discriminant function scores for Central Chain and Teremba terranes................................................. 147
Table 6.7 Nd isotope results from the sedimentary rocks..........................................................................................148
Table 7.1 Comparison of New Caledonian and New Zealand terranes................................................................... 158
Table 8.1 XRF results for Tiwaka, Tchamba and Poindimie basalts................................................................ 188
LIST OF FIGURES
Fig. 1.1 Map of southwest Pacific...................................................................................................................... 3
Fig. 1.2 Map of New Caledonian terranes...............................................................................................................4
Fig. 2.1 Stratigraphic column of the Koh ophiolite..........................................................................................17
Fig. 2.2 Layered gabbro near waterfall, Foa Poupeta.......................................................................................
Fig. 2.3 Layered gabbro block, Foa Poupeta..........................................................................................................
Fig. 2.4 Photomicrograph of 4F..............................................................................................................................
Fig. 2.5 Upper tholeiite dyke intruding into layered gabbro................................................................................
Fig. 2.6 Stereonet of dyke orientations at Koh................................................................................................. 21
Fig. 2.7 Photomicrograph of lower tholeiite.....................................................................................................
Fig. 2.8 Lower tholeiite pillow margins............................................................................................................
Fig. 2.9 Red and green chert between lower tholeiite and boninites.............................................................
Fig. 2.10 Red pelagic siltstones above the Koh ophiolite................................................................................
Fig. 2.11 Map of fault styles in the Koh ophiolite.....................................................................................................26
Fig. 2.12 Pillow breccia at Pocquereux................................................................................................................
Fig. 2.13 Plagiogranite intrusion into basalt.............................................................................................................
Fig. 2.14 Terra-wasseburg zircon plot................................................................................................................... 32
Fig. 2.15 Layered gabbros in the Tarouimba ophiolite............................................................................................
Fig. 2.16 Cherts in schistose basalts from the Cantaloupai ophiolite.............................................................
Fig. 2.17 Ophiolite stratigraphic columns.................................................   36
Fig. 3.1 Modal quartz, plagioclase and mafic minerals in plutonic rocks.....................................................
Fig. 3.2 Granophyric intergrowth in tonalite....................................................................................................
Fig. 3.3 Typical boninite.....................................................................................................................................
Fig. 3.4 Clinopyroxene microphenocryst in boninite......................................................................................
Fig. 3.5 Zoning profiles in small boninitic clinopyroxenes....................................................................................45
Fig. 3.6 Chromites from Koh ophiolite boninitic rocks.........................................................................................47
Fig. 3.7 Chromite composition for different boninites in the Koh ophiolite............................................... 47
Fig. 3.8 Clinopyroxene overgrowth on orthopyroxene phenocrysts..............................................................
Fig. 3.9 Sieve textured orthopyroxene....................................................................................................................
Fig. 3.10 Boninite mineralogy and stratigraphy.........................................................................................................50
Fig. 3.11 Upper tholeiite photomicrograph..........................................................................................................
Fig. 3.12 Central Chain tholeiite photomicrograph............................................................................................
Fig. 3.13 Composition of cpx................................................................................................................................ 57
vi
vu
Fig. 3.14 Discriminant function diagram of clinopyroxene composition............................................................. 57
Fig. 3.15 Comparison of Koh clinopyroxene with those from modem arc settings......................................... 58
Fig. 4.1 Sea floor alteration stratigraphy of the Koh ophiolite.............................................................................62
Fig. 5.1 Koh ophiolite Mg# variation diagrams.............................................................................................. 70
Fig. 5.2 Central Chain ophiolites Mg# variation diagrams...................................................................................72
Fig. 5.3 Boninite differentiation with stratigraphic height................................................................................... 76
Fig. 5.4 Boninite groups......................................... ........... .....................................................................................77
Fig. 5.5 Chondrite-normalised REE graph for the Koh oph io lite ............................................................... 79
Fig. 5.6 MORB -normalised spidergrams for the Koh ophiolite......................................................................... 81
Fig. 5.7 La/Sm vs T i0 2 for the Koh ophiolite compared to IBM and TK system s.................................. 81
Fig. 5.8 T i0 2 vs MgO for Central Chain tholeiite compared to IBM and TK system s..........................85
Fig. 5.9 A120 3 and FeO* for Central Chain tholeiite compared to IBM and TK system s.......................... 85
Fig. 5.10 Cr vs Y for Central Chain tholeiite and boninites compared to IBM and TK system s...............87
Fig. 5.11 Ti vs Zr for Central Chain tholeiite and boninites compared to IBM and TK system s...........87
Fig. 5.12 Ti vs V for Central Chain tholeiite and boninites compared to IBM and TK system s................89
Fig. 5.13 REE for Central Chain tholeiite and boninites compared to IBM and TK system s................. 89
Fig. 5.14 La/Sm vs Ti for the Koh ophiolite compared to IBM and TK system s...................................... 90
Fig. 5.15 MORB-normalised diagram for the Koh ophiolite compared to IBM and TK system s.............. 91
Fig. 5.16 Ca vs A1 for Koh boninites compared to IBM and TK systems..........................................................94
Fig. 5.17 Ti vs Zr for Koh boninites compared to IBM and TK systems .................................................... 94
Fig. 5.18 Mantle melting model for the generation of the Koh ophiolite......................................................100
Fig. 5.19 Pressure-temperature during melting........................................................................................................ 101
Fig. 6.1 Koh ophiolite sedimentary stratigraphic column...............................................................................107
Fig. 6.2 Central Chain ophiolites sedimentary stratigraphic column.................................................................. 108
Fig. 6.3 Map of sedimentary units identified in the Central C hain..............................................................110
Fig. 6.4 Pelagic siltstone turbidite from the 6  Kaka Formation...................................................................112
Fig. 6.5 Recrystallised radiolarians from the 6  Kaka Formation.................................................................. 112
Fig. 6.6 Pelagic siltstone intraclasts in conglomerate Xw6 Xwai Formation..............................................114
Fig. 6.7 Small turbidites from the Sarram6a Formation.................................................................................. 114
Fig. 6.8 Inoceramus shellbed from Goipin....................................................................................................... 118
Fig. 6.9 Large aticulated Inoceramus...................................................................................................................... 118
Fig. 6.10 Diplocriterion burrow from the Sarramia Formation............................................................................. 120
Fig. 6.11 Tuffaceous siltstone with Chondrites, Planolites and Zoophycos........................................................120
Fig. 6.12 Heleminthopsis burrows above M6 Gu Formation...........................................................................121
Fig. 6.13 Heleminthopsis burrows in thin section.............................................................................................121
Fig. 6.14 Typical volcanigenic sandstone from the Xw6 Xwai Formation....................................................124
Fig. 6.15 Typical volcanigenic sandstone from the Xw6 Xwai Formation....................................................124
Fig. 6.16 Pumice fragment from the Xw6 Xwai Formation....................................................................................126
Fig. 6.17 Coral fragments in from the Xw6 Xwai Formation.................................................................................126
Fig. 6.18 SandstoneQFL diagram........................................................................................................................... 128
Fig. 6.19 Coarse volcaniclastic conglomerate in the Sarram6a Formation........................................................... 130
Fig. 6.20 Detrital illite in Sarram£a Formation........................................................................................................ 130
Fig. 6.21 Stratigraphic column for the Teremba tereane.......................................................................................... 134
Fig. 6.22 M^wifrshellbod........................................................................................................................................ 136
Fig. 6.23 Tanghi Wharf dacite................ .................................................................................................................136
Fig. 6.24 Clinopyroxene quadrilateral......................................................................................................................140
Fig. 6.25 Clinopyroxene discrimination diagram.................................................................................................... 141
Fig. 6.26 Percentile plot of clinopyroxene composition...................................................................................141
Fig. 6.27 Harker diagram of calc-alkaline sedimentary and volcanic rocks....................................................144
Fig. 6.28 Harker diagram of IBM and New Caledonian sedimentary rocks........................................................ 145
Fig. 6.29 Harker diagram of New Zealand and New Caledonian sedimentary rocks....................................146
Fig. 6.30 Discriminant function diagram for sedimentary rocks............................................................................ 149
Vlll
Fig. 6.31 New Caledonian sandstone isotopic composition compared to modem volcanic sources......... 149
Fig. 6.32 New Caledonian sandstone isotopic composition compared to modem basin sediments............151
Fig. 6.33 New Caledonian sandstone isotopic composition compared to New Zealand sedim ents......... 151
Fig. 7.1 South-eastern Gondwana reconstruction (100 M a)........................................................................... 156
Fig. 7.2 Structure of the Central Chain terrane..... .........  162
Fig. 7.3 Pacific plate vectors relative to New C aledonia................................................................................164
Fig. 8.1 Geological map of New Caledonia.......................................................................................................... 171
Fig. 8.2 Cross sections through the centre of New Caledonia........................................................................172
Fig. 8.3 Unconformity at Mt Rembai...................................................................................................................... 173
Fig. 8.4 Cretaceous conglomerates...................................................................................................................... 173
Fig. 8.5 Mt Rembai and Table Unio stratigraphic column.............................................................................. 175
Fig. 8.6 QFL diagram for Cretaceous sandstones................................................................................................... 175
Fig. 8.7 Syn-collisional sandstone........................................................................................................................... 178
Fig. 8.8 Radiolarian and clinopyroxene in syn-collisional sandstone...................................................................178
Fig. 8.9 Comparison clinopyroxenes flysh vs Poya terrane basalts...............................................................181
Fig. 8.10 Typical Poya terrane outcrop......................................................................................................................181
Fig .8.11 Location of radiolarian samples............................................................................................................... 183
Fig. 8.12 Age range of radiolarian species identified from the Poya terrane...................................................183
Fig. 8.13 Upper Cretaceous radiolarian Cron the Poya terrane................................................................................ 185
Fig. 8.14 Lower Cretaceous radiolarian from the Poya terrane..........................................................................187
Fig. 8.15 MgO variation diagrams for Poya terrane basalts and dolerite.............................................................189
Fig. 8.16 MORB-normalised trace element diagram for the Poya terrane............................................................. 190
Fig. 8.17 Cr vs Y diagram for Central Chain and Poya terrane basalts...........................................................191
Fig. 8.18 Map of Touho Poindimi6 area...............................................................................................................191
Fig. 8.19 Chromite composition from the ultramafic nappe.....................................................................................196
Fig. 8.20 Post obduction regional anticlines in New Caledonia...................................................................... 196
Fig. 9.1 Southwest Pacific bathym etry.............................................................................................................. 199
Fig. 9.2 Pacific plate vectors compared to New Caledonia up to lOOMa..................................................... 201
Fig. 9.3 Satellite gravity image of New Caledonia................................................................................................. 205
Fig. 9.4 Spreading patterns around New Caledonia..........................................................................................206
Fig. 9.5 The Norfolk Island hot spirt 0-20Ma.........................................................................................................206
Fig. 9.6 Seismic line across Three Kings, Loyalty and d ’Entrecasteaux R id g es........................................ 209
Fig. 9.7 Location of seismic lines....................................................................................................................... 210
LIST OF MAPS
Map 1 Geological map of the Koh oph io lite .........................................................................................map pocket
Map 2 Geological map of the Pocquereux ophiolite............................................................................. map pocket
Map 3 Geological map of the Koua and Nassirah ophiolite....................................................................... map pocket
Map 4 Geological map of the Sphinx ophiolite............................................................................................map pocket
Map 5 Geological map of the Tarouimba ophiolite...............................................................................map pocket
Map 6 Geological map of the Cantaloupai ophiolite.............................................................................map pocket
LIST OF CROSS SECTIONS
Page 1 Cross-sections from the Koh and Sphinx ophiolites...................................................................... map pocket
Page 2 Cross-sections from the Pocquereux, Cantaloupai and Tarouimba ophio lites........ map pocket
1CHAPTER 1 
INTRODUCTION
2The island of New Caledonia has a long geological history involving a succession of 
constructive and destructive plate margin systems which were active from the Late 
Carboniferous until the present. A number of collisions and extensional episodes 
transformed the island from a series of intra-oceanic island-arcs in the paleo-Pacific to its 
present passive margin setting close to the eastern edge of the Australian Indian plate.
The island is large, 400 km long and 50 km wide, and is located between 20 and 23°S and 
164 and 167°E in the southwest Pacific Ocean. It lies at the northernmost end of a narrow 
elongated ridge of continental crust which includes New Zealand and the Norfolk Ridge 
(Kroenke 1984; Eade 1988). This ridge is separated from the east coast of Australia by the 
New Caledonia Basin, the Lord Howe Rise and the Tasman Sea (Fig. 1.1).
The geological history of the island can be divided into three separate phases; island-arc- 
related convergent margin tectonics from the Late Carboniferous or Early Permian to the 
latest Jurassic, Late Cretaceous to Early Eocene passive margin extensional tectonics, and 
middle Eocene to Oligocene collision tectonics and post-collisional extension (Aitchison et 
al. 1995). The aim of this thesis is to present a detailed examination of previously little 
studied ophiolitic rocks in the Central Chain of New Caledonia. These rocks are compared 
and contrasted with other ophiolitic and arc related sequences against which they have 
been tectonically juxtaposed. This investigation leads to the development of a new model 
for the tectonic evolution of New Caledonia which helps explain their present disposition. 
This model provides a substantially improved understanding of the Cenozoic evolution of 
New Caledonia and surounding areas in the southwest Pacific.
The pre-Cretaceous arc rocks from this phase can be assigned to one of three terranes: the 
Central Chain, the Tdremba and the Boghen terranes. The Central Chain terrane is the 
largest pre-Cretaceous tectonostratigraphic unit, covering 20% of the island, with outcrops 
in the mountains and on the east coast (Fig. 1.2) and is the focus of this thesis. This 
terrane contains a basal ophiolite with mafic plutonic rocks and interbedded tholeiitic and 
boninitic volcanics overlain by a thick sequence (>7 km) of Triassic and Jurassic 
volcaniclastic sedimentary rocks. The terrane was formed close to volcanic centres in a 
long-lived intra-oceanic island arc, probably within a forearc, arc-rift or backarc basin.
The Tdremba terrane outcrops on the southwest coast of the island. It also contains a thick 
Triassic and Jurassic sedimentary volcaniclastic sequence (3-4 km), however, this is not 
underlain by ophiolitic rocks but by Permian calc-alkaline arc volcanics (Campbell 1984). 
The entire sequence is highly fossiliferous and contains a number of unconformities 
(Paris 1981; Campbell 1984), indicating that it was deposited in shallow water on the 
margin of an island-arc volcanic centre.
The Boghen terrane is the least well known of the three terranes. It contains undated 
schists which represent a regionally metamorphosed, deformed sequence of volcanic and
to
in
Figure 1.1 Location of New Caledonia in the southwest Pacific. Basemap after Rigolot 
(1989) and Kroenke (1984).
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Figure 1.2 Terrane map of New Caledonia. Modified from Paris (1981),
Cluzel et al. (1994) and Aitchison et al. (1995). The locations of the 
Central Chain ophiolites are indicated.
5sedimentary rocks. Overlap sediments indicate that all three terranes had amalgamated and 
accreted to the eastern margin of Gondwana by the Late Cretaceous.
Shortly after their accretion, the pre-Cretaceous terranes were rifted away from the 
continental margin during the break-up of the eastern Australian margin and the opening 
of the Tasman Sea. A thick deepening-upwards passive margin sequence developed above 
the terranes as the New Caledonian platform subsided. This sequence evolved from 
Cretaceous sandstones interbedded with rift-related volcanics to Paleocene and lower 
Eocene pelagic chert and limestone (Aitchison et al. 1995).
Passive subsidence of the platform was disturbed in the mid-Eocene by collision with an 
island arc, resulting in the emergence of New Caledonia and the obduction of a thin nappe 
of basalts and dolerites (Aitchison et al. 1995). This was then overthrust by an ophiolite, 
later eroded to a remnant 1500 m thick section of depleted harzburgite with minor gabbros, 
above a serpentinised horizontal detachment (Collot et al. 1987). The most recent major 
event in the geological history of New Caledonia was the post-orogenic collapse of the 
island and the unroofing of an eclogite-facies metamorphic core complex in the north 
(Cluzel et al. 1994; Aitchison et al. 1995).
THESIS AIMS AND STRUCTURE
The aims of this study are to constrain the tectonic history and geological history of the 
Central Chain ophiolites and the overlying sedimentary sequence in New Caledonia and 
their possible genetic links with similar rocks in New Zealand, Australia and the Norfolk 
Rise. This will be undertaken by studying the structure and petrogenesis of the Central 
Chain ophiolites and the stratigraphy, petrology, geochemistry and deposition processes of 
the overlying sedimentary sequence. The characteristics of the Central Chain terrane will 
then be compared to those of the Teremba terrane on the west coast of the island and to 
similar terranes in New Zealand and eastern Australia, using data from previous studies.
This study will also examine in detail the production mechanism for boninites and 
tholeiites during the formation of ophiolitic sequences and the initiation of island arcs, and 
provide a new model for the origin of inter-layered boninitic and tholeiitic rocks found in 
one of the Central Chain ophiolite fragments.
Younger ophiolites and island arc rocks in New Caledonia are also discussed in this thesis, 
using data from earlier studies in conjunction with new observations on the stratigraphic 
relationships, microfossils and thin section analysis. This will provide an update of the 
tectonic history of New Caledonia and the surrounding submerged continental and oceanic 
crust from the Late Cretaceous to the Present, expanding on some of the themes outlined 
by Cluzel et al. (1994) and Aitchison et al. (1995).
The first five chapters describe the results of field mapping, and detailed petrographic 
analysis of the Central Chain ophiolites, including a discussion of boninite petrogenesis.
6This is followed by a petrographic and stratigraphic analysis of the Central Chain and 
Teremba sedimentary sequences in Chapter 6. Chapter 7 compares the characteristics of 
the Central Chain and Teremba terranes to similar terranes elsewhere in the southwest 
Pacific, and discusses the regional implications. Chapter 8 and 9 examine the post- 
Cretaceous geology of New Caledonia and its relationship to southwest Pacific tectonics. 
Chapter 10 presents a short conclusion summarising the major findings of the thesis.
FIELDWORK
Most of the fieldwork for this thesis was carried out on the Central Chain ophiolites and 
the base of the overlying sedimentary sequence. The work was largely done on foot, along 
the rivers and ridges in the Chaîne Centrale, the mountain range which runs along the 
length of the island. Many of the peaks are over 1000 m and are thickly wooded with 
rainforest on the slopes and in the valleys, Melaleuca-dominated woodland on the ridges, 
and dense short scrub on the summits. Outcrops along the rivers are usually fresh and 
extensive. Outcrops along the ridges, hill slopes and roads tend to be fairly weathered and 
small. The regional fieldwork on the upper section of the Central Chain sedimentary 
sequence, the Téremba terrane and the Cretaceous and Tertiary geology was undertaken 
during roadside traverses throughout the island. The fieldwork was carried out over five 
field trips totalling a period of 21 weeks over three years. 570 samples were collected and 
brought back to the University of Sydney for detailed analysis.
BACKGROUND INFORMATION ON ISLAND ARC SYSTEMS
Destructive plate margins can be classified into three general types: continental arc 
systems, island arc systems incorporating old continental material, and intra-oceanic island 
arc systems such as the Izu-Bonin-Marianas (IBM) and the Tonga-Kermadec (TK) arcs. 
Most intra-oceanic island arc systems are constructed entirely on oceanic crust and 
therefore must have been initiated at a weak point between or within oceanic plates. 
Modern systems generally contain a trench with a chain of submarine and partially 
emergent, regularly spaced arc volcanoes. In the IBM system these are typically between 
50-70 km apart and approximately 200 km from the trench (Honza & Tamaki 1985; 
Bloomer et al. 1989). The volcanoes produce both tholeiitic and calc-alkaline basic and 
silicic volcanic rocks (Ewart 1979; Ewart 1982). Intra-oceanic island arcs also contain a 
number of extensional features such as forearc and backarc basins or intra-arc rifts, 
indicating that parts of the system are under extension. These basins generally contain 
basaltic ocean floor volcanic rocks transitional between island arc tholeiites (IAT) and mid­
ocean ridge basalts (MORB) (Hawkins & Allan 1994).
The early history of modern arc systems is often difficult to study because most of the 
rocks formed during initiation are buried beneath the later arc and forearc basin sediments.
7These rocks are best exposed in ancient arc systems such as ophiolites, where uplift and 
erosion have brought the deep rocks to the surface. Ophiolites are fragments of ancient 
oceanic lithosphere which have been incorporated into continental crust. Most ophiolites 
have island arc characteristics and are therefore commonly termed supra-subduction zone 
(SSZ) ophiolites (Pearce et al. 1984). These are thought to represent oceanic crust formed 
during initiation of island arcs (Stem & Bloomer 1992) and during the creation of arc- 
related basins in intra-oceanic island arc systems (Taylor et al. 1992). Ophiolites vary 
greatly in their pseudo-stratigraphy, geochemistry and tectonic history. Many ophiolites, 
such as those at Oman and Newfoundland, were obducted soon after the initiation of 
subduction (Cawood & Suhr 1992). Others, such as the Central Chain ophiolites of New 
Caledonia, the Coast Range ophiolites of California (Saleeby et a l 1982; Harper 1984; 
Robertson 1990) and the Dun Mountain ophiolite belt of New Zealand (Davis et al. 1980; 
Cawood 1987) are buried beneath thick sedimentary sequences which developed over a 
long time interval between their formation and their obduction.
The geochemistry of eruptive rocks associated with ophiolites varies between that of 
MORB, IAT, and boninites (Pearce et al. 1984; Taylor et al. 1992). Boninites are rare 
high-Mg andesites produced during the partial melting of refractory mantle peridotites 
under anomalously high temperatures and hydrous conditions (Crawford et al. 1989). 
They formed in the IBM system during rapid extension of the oceanic crust close to the 
trench during the initiation of the arc system before the beginning of arc volcanism (Stern 
& Bloomer 1992; Pearce et al. 1992). Boninites may also form when spreading occurs in 
the forearc of anomalously hot island arcs (Crawford et al. 1989).
After initiation, the locus of spreading in modem island arcs tends to move from a forearc 
position to the backarc (Stern & Bloomer 1992). The location and magmatic history of the 
active arc is strongly affected by the collisional history of ridges and seamounts along the 
trench, and the geometry of subduction (Nur & Ben-Avraham 1989). Backarc spreading is 
often discontinuous and can involve multiple overlapping spreading ridges (de Alteriis et 
al. 1993; Ruellan et al. 1994) or extension of the arc crust without the formation of island 
arc related oceanic crust (Hawkins 1994).
Island arc systems commonly terminate during collision with thick crust that is too 
buoyant to be subducted during the closure of ocean basins (Gealey 1980; Casey & 
Dewey 1984; Leitch 1984). This tends to cause the obduction of horizontal ophiolitic 
nappes above passive margin sequences (Casey & Dewey 1984), similar to the ultramafic 
terrane in New Caledonia. Other events which can lead to the demise of island arc systems 
are changes in global plate rotation vectors (Dalziel 1986; Cunningham 1995) and the 
subduction of an active oceanic spreading ridge (Baker 1982; Bradshaw 1989; Luyendyk 
1995).
8The New Caledonian pre-Cretaceous island arc terranes were probably part of an extensive 
system of continental and island arcs which was initiated during the Late Carboniferous or 
Early Permian along the Paleo-Pacific margin of Gondwana (Bradshaw 1989). This 
complex system evolved during the Triassic and Jurassic and terminated in the Early 
Cretaceous just prior to the opening of the Tasman Sea and the break-up of the eastern 
Gondwana margin. Parts of this system also outcrop in Australia, New Zealand, Antarctica 
and South America. In the Late Paleozoic and Mesozoic the western paleo-Pacific must 
have comprised a complex system of island and continental arcs similar to that of the 
western and southwestern Pacific today.
PREVIOUS RESEARCH
Much of the previous geological research on the Central Chain terrane in New Caledonia 
was carried out during a regional 1:50 000 mapping program undertaken by the Bureau de 
Recherches Géologiques et Minières (BRGM) between the 1960s and 1989. The results 
of this research are published in geological maps, the accompanying notes and in several 
articles in French scientific journals (eg. Guérangé et al. 1975; Guérangé et al. 1977; 
Maurizot et al. 1985a; Maurizot et al. 1985b; Maurizot et al. 1985c). The steep 
mountainous terrain, the lack of roads, the thickness of the sequences and the lack of 
fossils have not encouraged detailed study, although the basic outlines of the terrane and 
the main structural trends have been established.
The Central Chain ophiolites were first examined in the 1950s but at that time they were 
thought to represent Cretaceous and Tertiary basalts (Paris 1981). Gonord (1972) first 
recognised the pre-Cretaceous age of the Central Chain ophiolites and Lozes (1975 in 
Paris 1981) first put forward the hypothesis that the volcanics represent portions of 
ophiolitic sequences. Paris (1981) identified the Koh ophiolite as the basement to the 
Central Chain sedimentary sequence around Sarraméa, but believed that the Pocquereux 
ophiolite was a Late Triassic or Jurassic intrusive complex. The Sphinx and Cantaloupa'i 
ophiolites were recognised as the ophiolitic basement of the Central Chain sedimentary 
sequence by Maurizot et al. (1985a). The Koh boninites were identified by Cameron 
(1989) who showed that the arc-related tholeiites interbedded with high-Ca boninites 
probably formed at an early stage of development of an arc-related basin, supporting the 
hypothesis that these rocks represent the ophiolitic basement to the sedimentary rocks. 
Cameron (1989) provided useful petrographic and geochemical data for the Koh boninites 
and some tholeiites, but did not distinguish between the various tholeiitic suites identified 
in this study. The outlines of the ophiolites were mapped by the 1:50 000 map sheet 
authors but the rock types within the ophiolites are not identified. These maps were found 
to be largely reliable, although in areas where access is difficult some of the boundaries 
were slightly inaccurate. Paris et al. 1982 and two University of Sydney Honours studies
9(Pikoulas 1991; Meffre 1991) made preliminary maps of the pseudo-stratigraphy of 
igneous units within the Koh ophiolite. These were greatly improved during this study.
The Central Chain sedimentary sequence has been studied by Routhier and Avias in the 
1950s (Paris 1981), Guérangé et al. (1975), Lozes (1975 in Paris 1981) and many of the 
authors of the 1:50 000 geological maps (eg. Lozes et al. 1976; Lozes et al. 1977; Paris et 
al. 1982; Maurizot et al. 1984; Maurizot et al. 1986). The results of these studies have 
been summarised by Paris (1981). They show that the Central Chain sedimentary rocks 
form a thick sequence with two main intercalated rock types: volcaniclastic sandstone, 
tuffaceous siltstone and minor vitric tuff (la formation volcano-sédiment aire) and black 
siltstone (la formation terrigène). These studies include petrographic descriptions which 
show that the sandstone contains basic to felsic volcanic clasts, including porphyritic 
basalts and andesites, monocrystalline plagioclase and clinopyroxenes, rare 
monocrystalline quartz and minor altered volcanics. Quantification of the petrography or 
chemistry of this sandstone has not been carried out, nor have these earlier studies 
resolved the stratigraphy of the Central Chain sequence or its total thickness. A Middle 
Triassic to Late Jurassic age range has been established however, based on samples from 
the few fossil localities discovered.
The Teremba terrane has been studied in considerably more detail (eg. Campbell 1979; 
Paris 1981; Campbell & Grant-Mackie 1984; Campbell et al. 1985, Challinor & Grant- 
Mackie 1989; de Jersey & Grant-Mackie 1989), due largely to the ease of access and the 
heavily dissected coastline which provides good outcrops along the foreshore. The terrane 
is essentially homoclinal with numerous biostratigraphic controls, which have facilitated 
stratigraphic research.
Piroutet (1917 in Paris 1981) first identified Triassic fossils in New Caledonia and 
subsequently developed a Permian, Triassic and Jurassic biostratigraphy for the Téremba 
and Moindou area. This biostratigraphy has been improved and added to by Routhier 
(1953 in Paris 1981), Campbell (1979), Campbell and Grant Mackie (1984) and Campbell 
et al. (1985). Noesmoen (1970), Espirat (1971) and Paris et al. (1977), mapped the 
Téremba terrane as part of a regional 1:50 000 mapping program. More recent work 
includes a detailed petrological and geochemical study of the terrane carried out by 
Campbell (1984). His findings indicate that the Téremba volcanics are sub-alkaline to calc- 
alkaline basalts, andesites, dacites and rhyolitic tuffs.
There has been very little research on the Boghen terrane. The 1:50 000 map series 
records the outlines of the terranes and some of the more prominent rock types, however, 
the tectonic setting, the structure and the age of this complex terrane remains unknown. 
Preliminary results from work currently in progress suggest that metamorphosed basic 
rocks within the terrane are of MORB and OIB affinities (Cluzel, UPF, Nouméa, pers. 
comm.).
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The Tdremba and Central Chain terranes were thought by Gudrangd et al. (1977) to 
represent sections of a island arc floored by continental crust which separated from the 
Australian continental margin during the Triassic during the opening of a marginal basin. 
They postulate that this island arc collided with the Australian margin during the Early 
Cretaceous after the arc became inactive and subduction was initiated at the boundary 
between the marginal basin and continent. In this model the Central Chain ophiolites 
represent marginal basin crust accreted to the Australian margin during the collision and 
the Central Chain and Teremba terranes represent folded sections of a continental-floored 
island arc. Paris and Bradshaw (1977) proposed a similar tectonic configuration with the 
Central Chain terrane representing a marginal or continental basin distal to a continental 
source to the west but proximal to a volcanic arc source to the east, and the Teremba 
terrane representing the continental margin to the east of this basin. Paris (1981) revised 
this tectonic interpretation due to the strong arc-related affinities of the Teremba terrane 
and proposed that the Teremba terrane represents an active volcanic arc on the margin of a 
continental landmass and the Central Chain terrane represents a forearc basin to the east.
The majority of these models are based on regional field observations. Detailed mapping 
and petrological studies undertaken during this study and comparison of the lithological 
characteristics between the New Caledonian arc-related rocks and recently published data 
from modern island arcs will further constrain the tectonic setting and tectonic history of 
the Central Chain and Teremba terranes.
The sedimentology, geochemistry and tectonics of the Late Cretaceous to Early Eocene 
passive margin sequence have not been studied in detail, although the broad lithological 
characteristics and age range are well known from studies related to the production of the 
1:50 000 map series. The age, sedimentology and structure of the Eocene foreland basin 
sequence deposited during the obduction of the ultramafic nappe have been described by 
many authors (eg. Deprat 1905; Gonord 1967; Gonord 1970a; Coudray & Gonord 1966; 
Coudray & Gonord 1967; Paris 1981; Bodorkos 1994; Paul 1994), however, some 
confusion has persisted regarding the nature of the source of the sedimentary sequence. 
This confusion is largely due to the prevalence of basaltic rather than ultramafic sediments 
within the sequence. This was originally attributed to basaltic volcanism synchronous with 
the obduction of the ultramafic rocks (Gonord 1967; Coudray & Gonord 1967; Paris 
1981) as opposed to the current theory of an allochthonous basalt nappe obducted 
beneath the ultramafics (Bodorkos 1994; Paul 1994; Aitchison et al. 1995).
The relationship between the ultramafic nappe and basins to the east of New Caledonia has 
been studied using geophysical methods off-shore (eg. Collot et al. 1987), and the 
geochemistry and structural petrology of the nappe have been the subject of studies by 
Dupuy et al. (1981) and Prinzhofer (1981), Prinzhofer et al. (1980), Prinzhofer and 
Nicolas (1980). The K-Ar age of the ultramafic rocks has been investigated by Prinzhofer
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(1981) although much remains to be understood about the timing of the magmatism and 
the geochemistry of the various mafic and felsic intrusions, as well as the tectonic history 
of the ophiolite including the geometry and structure of the obduction. Further details of 
earlier research concerning post-Early Cretaceous tectonics in New Caledonia is given in 
Chapters 8 and 9.
LITHOSTRATIGRAPHIC AND TECTONOSTRATIGRAPHIC 
NOMENCLATURE
Geological nomenclature in New Caledonia is largely based on a chronostratigraphic 
nomenclature system where specific sequences are referred to by their age (eg. le Trias 
inférieur, le Crétacé.) This system is used by most researchers (eg. Guérangé et al. 1977; 
Paris 1981; Maurizot et al. 1985b) and is also used in the 1:50 000 and 1:200 000 
geological map series. In volcanic units, where the age of the rocks has not been 
determined the authors tend to refer to the rock types (eg. La formation des basaltes). 
Lithostratigraphic unit names are common in pre-1970s publications and maps (eg. La 
formation de Poya, Formation du Flysch de Bourail) and are often used by New Zealand 
authors such as Pharo (1967 in Chalinor & Grant-Mackie 1989); Campbell and Grant- 
Mackie (1984) and Campbell et al. (1985) Chalinor and Grant-Mackie 1989, de Jersey 
and Grant Mackie (1989) in the Teremba area to facilitate correlation with New Zealand 
sequences.
In a region formed by mobile tectonic processes such as New Caledonia, a 
chronostratigraphic nomenclature can lead to problems, especially when rocks of similar 
age but from different settings are juxtaposed during strike slip or thrust tectonics. The 
Boghen terrane is a good example of some of the difficulties associated with the 
chronostratigraphic nomenclature system. Paris (1981) and the authors of the 1:50 000 
map series refer to these rocks as “pre-Permian schists” because they exhibit evidence of 
a deformation event not present in the Permian rocks from the Téremba terrane. The 
Boghen terrane has faulted contacts and had a different protolith to the Permian and 
Triassic rocks of the Central Chain and Téremba terranes. K-Ar and Ar-Ar dates on the 
Boghen rocks suggest that the metamorphism occurred in the Jurassic and Early 
Cretaceous (Blake et al. 1977). This indicates that they have experienced different 
geological and metamorphic histories up to the Early Cretaceous terrane amalgamation and 
that, on the basis of present evidence, the Boghen terrane protolith could have formed at 
any time prior to the Cretaceous.
To avoid these problems a tectonostratigraphic nomenclature has been developed by many 
recent authors (eg. Howell et al. 1985; Meffre 1991; Aitchison & Meffre 1992; Cluzel et 
al. 1994; Aitchison et al. 1995) and this is the system used in this thesis. The names of 
the terranes, their extent and the equivalent names used by previous authors are listed in
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Table 1.1. Some of the names differ significantly between studies as a result of ongoing 
research into the tectonic evolution of the island. The names used in this thesis are similar 
to those used by Meffre (1991) but they also include some modification of names and 
boundaries based on Cluzel et al. (1994) and Aitchison et al. (1995) (Fig. 1.2).
Although they probably formed at similar times no stratigraphic relationship has been 
discovered between any of the three pre-Cretaceous terranes. The sequences are bounded 
by steep-dipping faults and differ in their tectonic evolution, and therefore conform to the 
conventions of Coney et al. (1980) for naming tectonostratigraphic terranes. The New 
Caledonia ultramafic and Poya terranes are far-travelled fragments of oceanic crust 
obducted onto New Caledonia during the Eocene above horizontal and/or subhorizontal 
thrust zones and their relationship with the rest of New Caledonia remains unknown. A 
clear definition of the Diahot terrane is difficult as most authors agree that it represents the 
metamorphosed equivalent of the Cretaceous sedimentary and volcanic rocks from the 
Nouméa and west coast regions (Maurizot et al. 1989; Cluzel et al. 1994). As these 
sediments have a different metamorphic history to those in the south and are separated by 
complex fault zones, the sedimentary and volcanic rocks from the Diahot are treated as a 
separate terrane. The Pouebo terrane contains eclogitic mafic igneous rocks at the centre of 
the metamorphic core complex in the north of the island. A major detachment separates 
these rocks from the much lower grade volcanics which occur in the overlying Diahot 
terrane (Aitchison et al. 1995). Some of the metaigneous rocks outcropping at Anse 
Ponandou (eg. Black & Brothers 1977) may also belong to this terrane. The relationship 
between these rocks is discussed further in Chapter 8.
In this thesis the Central Chain has been subdivided into two informal rock units: the 
Central Chain sedimentary sequence, consisting of Triassic to Jurassic sedimentary rocks, 
and the Central Chain ophiolites, made up of the igneous basement rocks. Individual 
fragments of Central Chain terrane are generally referred to by locality names, such as the 
Pocquereux, Koh, Tarouimba-Sphinx, or Cantaloupa'i ophiolites. This system is based on 
the original “m assif’ names used by earlier authors (Guérangé et al. 1977; Paris 1981).
Although the ophiolite fragments in the Central Chain terrane differ significantly from 
well-preserved ophiolites such as those in Cyprus, Oman and the ultramafic nappe in New 
Caledonia, they do contain most elements of the typical ophiolitic assemblage of mafic and 
ultramafic rocks (Penrose Conference Participants 1972; Coleman 1977; Gass 1980) and 
can therefore be referred to as ophiolites.
Lithostratigraphic names are used in this thesis for the lithologies at the base of the Central 
Chain sedimentary sequence near the Koh ophiolite to allow comparison with other 
sedimentary sequences in the Central Chain terrane. These are defined according to the 
recommendations outlined in the International Stratigraphic Guide (Salvador 1994).
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NOMENCLATURE
The following systematic nomenclature and classification systems were used in this thesis:
- the geological time scale of Harland et al. (1990),
- the igneous rock classification of Le Maitre (1989),
- the sedimentary rock classification of Tucker (1981).
Field mapping was carried out using 1:50 000 aerial photographs and 1:50 000 
topographic and geological maps enlarged to 1:25 000. All grid references quoted refer to 
these maps (the point of origin of the grid system is located at 0°S165°E, hence the 
eastings have five digits while the northings have only four). During the course of this 
research revised versions of the topographical maps were published containing new place 
names. These are more accurate representations of names in the native languages of New 
Caledonia. Most of the names in this thesis refer to the old map series, however, where the 
new names are used they have been underlined in order to avoid confusion.
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CHAPTER 2
CENTRAL CHAIN OPHIOLITES: 
STRUCTURE AND STRATIGRAPHY
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INTRODUCTION
The Central Chain ophiolites are scattered over 180 km along the axis of New Caledonia 
(Fig. 1.2). The majority crop out in a similar regional tectonic position between the 
Boghen terrane schist and the Central Chain sedimentary sequence. The northern 
fragments around Mt Cantaloupa'i (the Cantaloupa'i ophiolite) have been affected by 
extensive ductile deformation during the Eocene and Oligocene, and have developed 
strong metamorphic foliations and high pressure, low temperature (high P/T) metamorphic 
minerals, including lawsonite and fine-grained blue amphibole. The southern ophiolites 
(Pocquereux, Nassirah and Koua) have been fragmented into small fault-bounded blocks 
(1-5 km) by an Eocene thrust fault system that developed during obduction of the New 
Caledonian peridotites. The Koh, Sphinx and Tarouimba ophiolites in the central part of 
the island are the least affected by Eocene tectonics and therefore provide the best- 
preserved fragments of arc-related crust.
THE KOH OPHIOLITE
The Koh ophiolite is the largest and most complete of the ophiolite fragments. It is 20 km 
long and contains a 3 km thick section of oceanic crust overlain by a thick conformable 
sedimentary sequence. Undated schists from the Boghen terrane lie to the west of the 
ophiolite across a steeply-dipping serpentinite-bearing fault zone between 3 and 300 m 
wide. Central Chain volcaniclastic sediments lie to the east above a conformable contact. 
The ophiolite forms a broad anticlinal structure centred around the eastern slope of Table 
Unio. In the south near the village of Sarramda, it dips 30-80° towards the southeast, 
gradually turning to face east at the village of Koh and northeast at the village of Mechin 
(Map 1). This anticlinal structure is dissected by four major faults. Three are steeply 
dipping and run parallel to the basal serpentinite-bearing fault and the fourth is a large 
zone of east-trending serpentinite (500 m across) dipping at a shallow angle to the north.
Detailed mapping (Map 1) has distinguished eight igneous rock units within the ophiolite, 
ranging from layered gabbros at the base to pillow basalts at the top (Fig. 2.1). These 
units were formed by three successive magmatic events producing distinctive mafic and 
felsic igneous rocks which are described from the base upwards in the following section. 
The peridotites and cumulate ultramafic rocks which are present at the base of many 
ophiolites are missing from the Koh ophiolite. They were probably removed during 
obduction and/or subsequent strike slip faulting although serpentinites between the Koh 
ophiolite and the Boghen terrane may have developed from ultramafic rocks of the original 
ophiolite.
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Figure 2.1 Schematic stratigraphic column for the Koh ophiolite.
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Plutonic sequence
The plutonic sequence forms the basal unit of the ophiolite and the core of the anticlinal 
structure. Although there are no roads through this area, excellent exposures occur along 
three rivers: Toi'lli (Ta TooLi). Foa Poupeta (FaJJvara) and the upper section of Ouen 
Ouai (XweXwai). The plutonic sequence contains two units: layered gabbros (Figs. 2.2 & 
2.3) and late tholeiite intrusions (Fig. 2.4). The layered gabbros are the most common 
rock type. They consist of approximately equal amounts of altered plagioclase and 
clinopyroxene with minor orthopyroxene and titanomagnetite (Fig. 2.5). The igneous 
assemblage has been altered to clay and greenschist facies metamorphic minerals, giving 
these rocks a pale green and white colour. Layering in the gabbros is defined by variations 
in the amount of plagioclase and clinopyroxene, variation in grain size and by the 
alignment of elongate crystals in the foliation. The layers are thin, between 3 and 20 cm, 
and generally dip 30° to 60° towards the east although steep southerly dips occur in some 
of the fault blocks (Fig. 2.6). Most of the variation in the orientation of the layering is 
probably caused by deformation during obduction, however, rotation of blocks during 
ophiolite generation at the spreading centre, or non-horizontal deposition of layers in the 
magma chamber may account for some of the small-scale variation within fault-bounded 
blocks (ie. variation within the lower Poupeta structural domain, Fig. 2.6 c).
The second unit in the plutonic sequence consists of dykes and small intrusions of dark- 
coloured quartz-bearing gabbros and dolerites (up to 60 m wide) which are geochemically 
related to a late tholeiitic magmatic event. These intrusions are present throughout the Koh 
ophiolite and amount to approximately 20-30% of the total volume of the plutonic 
sequence. The grain size varies with the size of the intrusion, indicating that the host rock 
was relatively cold when intrusion occurred. The dykes generally dip steeply towards the 
WNW suggesting that they were approximately vertical (70-80°W on average) and 
striking NE-SW before regional folding (Fig. 2.6 d). The intrusions were not mapped in 
detail because they are small and only recognisable along river sections such as To'ili 
(Tooiri). Foa Poupeta (Uvara), Ouen Ouai (Xwe Xwai) and Faouerou (Fa Togewara).
Transition zone
A transition zone occurs between the plutonic rocks described above and the sections of 
the ophiolite containing extrusive rocks. It is approximately 300-400 m thick, from the 
uppermost layered gabbro to the lowermost pillow basalt. It contains altered and chaotic 
intrusions ranging in composition between gabbro and trondhjemite. The gabbros at the 
base of the transition zone differ only slightly from the layered gabbros. They lack 
igneous foliation and layering, are smaller in grain size and have randomly oriented 
textures. In many ophiolites and in some modem oceanic crust the transition zone between 
the plutonic and extrusive rocks is marked by a sheeted dyke complex (eg. Coleman 1977;
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Figure 2.2 Typical layered gabbro showing dark clinopyroxenc-rich layers and light 
plagioclase-rich layers; Foa Poupeta, Koh ophiolite, GR 5840 76172.
Figure 2.3 Irregular layering in a gabbro from tributary of Foa Poupeta, Koh ophiolite. 
GR 5840 76175.
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Figure 2.4 Grainsize and compositional layering from the boundary between a gabbro 
and a websterite, Koh ophiolite. Plagioclase is altered to clay minerals and 
appears opaque; high birefringence mineral is clinopyroxene, low 
birefringence mineral is orthopyroxene. Sample 68998; field of view 1.4 x 
8.5 mm.
Figure 2.5 Upper tholeiite dyke intruding into layered gabbro; Foa Poupeta, Koh 
ophiolite, GR 5842 76162.
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Figure 2.6 Detailed map (2.6a) of two adjacent structural blocks within the Koh 
ophiolite. Stereoplots (2.6b and c) show the orientation of poles to 
layering in the cumulate gabbros and poles to the upper tholeiite dykes 
on equal area net. Rotation of the cumulate layering to a horizontal 
position (2.6d) shows that the dykes dip 70-80° towards the northwest, 
relative to igneous layering in both structural blocks. The eastern block 
has probably rotated 25° anticlockwise compared to the western block. 
The location of the map is shown in Figure 2.11.
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Dewey & Kidd 1977), however, the Koh ophiolite does not contain a true dyke complex. 
Many dolerite dykes are present although nowhere is the entire outcrop comprised of 
dykes. Instead the transition principally consists of irregular intrusions of gabbros, 
dolerite, tonalite and trondhjemite, which vary in size between 10 cm to more than 50 m 
wide. It is possible that larger intrusions exist but their full extent has been obscured by 
alteration, faulting and subsequent intrusions. The absence of a sheeted dyke complex 
may indicate only limited extension during ophiolite generation.
The intrusive relations between the basic and felsic rocks are complex. There is evidence 
that some felsic rocks intrude the more basic rocks and vice versa, suggesting that the 
gabbros, quartz gabbros, tonalite and trondhjemites are probably cogenetic.
The top boundary of the transition zone contains mainly plagiogranites and dolerite. Some 
of these plagiogranites have chilled margins and intrude the lowermost pillow basalts. 
Good outcrops are exposed along the Koh River (GR 5839 76129 to 5840 76134) and at 
a waterfall near the confluence of the Toi'li and Koh Rivers (Too Ne) (GR 5848 76152).
Extrusive sequence
Tholeiitic basalts form the lowest of three volcanic units in the extrusive section of the 
ophiolite. The unit is 200 m thick and contains predominantly pillow basalts with minor 
pillow breccias, flows and red cherts. The pillow basalts are mostly small (0.5-1 m), 
spherical and separated by thin bands (1 cm) of green hyaloclastite. They are usually 
vesicular, aphanitic and green-coloured as a result of alteration (Fig. 2.7). Pillow breccias 
contain angular fragments of altered basalt separated by red hydrothermal chert, 
occasionally containing significant amounts of pyrite. Some pillow breccias show radially 
arranged, elongated amygdales oriented towards the rims (Fig. 2.8). The flows tend to be 
thin (< 5 m) and may grade into pillows at the extremity of the flow. The lower tholeiites 
are cut by dykes and small intrusions (<200 m) of dolerite and plagiogranite.
Boninites stratigraphically overlie the lower tholeiites. In some cases, the boundary 
between the two units is marked by a zone of pelagic radiolarian and hydrothermal cherts 
up to 2 m thick (GR 5793 76214) (Fig. 2.9) indicating a hiatus in volcanic activity. The 
boninites are approximately 200 m thick and generally contain long pillow tubes, typically 
associated with minor green interpillow cherts, hyaloclastites and breccias. The boninites 
are commonly vesicular (up to 30%) and are predominantly porphyritic. The top of the 
boninites grades into cogenetic boninitic felsic volcanics. These consist of dacites 
containing prominent quartz phenocrysts and minor plagioclase succeeded by rhyo- 
dacites, fine vitric tuffs and minor reworked tuffs.
The thickness of the boninitic felsic volcanics is irregular. In the north the outcrops are 
more than 300 m thick but in the south near the col d’Amieu road they are less than 25 m 
thick. This variation may have developed during eruption on an uneven sea floor created as
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Figure 2.7 Typical textures in the lower tholeiites, showing albitised plagioclase laths, 
green actinolite replacing clinopyroxene, titanite relacing titanomagnetite. 
Sample 70938; Field of view 0.9 x 0.6 mm,.
Figure 2.8 Chilled margin of a lower tholeiite pillow with radially arranged vesicles 
concentrated near the chilled margin. Inter-pillow material is predominently 
hyaloclastite; Koh River, Koh ophiolite, GR 5849 76155.
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a result of spreading-related normal faulting. No boninitic dykes or plutonic equivalents 
were observed in the ophiolite, indicating that the ascent of magma to the surface occurred 
at a localised area (not presently outcropping) rather than in a broad zone. The felsic 
volcanics host copper sulfide deposits at Koutouo and Lucien.
Tholeiites overlie the boninite series felsic volcanics and crop out as large elongated 
pillows up to 3.5 m long. These distinctive dark, sparsely porphyritic, vesicular pillows are 
prominent along the col d’Amieu road in the cliffs below Mt Remba'i, and are commonly 
interbedded with red pelagic cherts. Intrusive rocks related to the upper tholeiites occur 
throughout the other volcanic and plutonic units, either as small dykes (~1 m wide) or 
large intrusions (up to 70 m wide) of quartz-rich altered gabbro or diorites. These 
intrusions are less common in the volcanic section than in the plutonic rocks.
Sedimentary rocks
The upper tholeiites are conformably overlain by green and red pelagic cherts which drape 
over the uppermost pillow basalts (Fig. 2.10). The cherts are up to 50 m thick and are 
succeeded by volcaniclastic sandstones and conglomerates. Approximately 1100 m above 
the ophiolite the volcaniclastic rocks are interbedded with black silstones which contain a 
mid-Triassic ammonite fauna (Dr. H. J. Campbell, IGNS, New Zealand, pers. comm . 
1991). These shales and volcaniclastic sandstones and conglomerates continue upsection 
and form a Middle Triassic to Upper Jurassic sedimentary sequence thousands of metres 
thick (Gudrangd etal. 1977; Paris 1981).
Faults within the ophiolite
Faults related to three separate deformation episodes can be recognised within the Koh 
ophiolite. Oceanic normal faults with small displacements developed on the sea floor 
before the crust was completely cooled. During terrane amalgamation in the Early 
Cretaceous large displacements (1-20 km) occurred along steep NW-SE trending faults. 
During the Tertiary the obduction of the New Caledonian ultramafic terrane and island arc 
collision resulted in the development of shallow dipping serpentinite-bearing faults.
Oceanic faults can be recognised by the presence of greenschist to amphibolite facies 
minerals within the fault zones which developed as a result of circulation of hydrothermal 
fluids. These faults are difficult to recognise in the Central Chain ophiolites as they may 
have been reactivated and masked by later deformation events. However, many small faults 
with epidote/actinolite mineralogy are present at the top of the plutonic section and the 
bottom of the volcanic section. These faults appear to be generally associated with small 
displacements (0.5-10 m).
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Figure 2.9 Red and green chert from a small lens of pelagic material (2 m thick) 
between the lower tholeiites and boninites indicating a hiatus in between the 
eruption of the two units; Daniou, Koh ophiolite, GR 76214 5793.
Figure 2.10 Contact between the upper tholeiite and red pelagic siltstones above the Koh 
ophiolite. Blue-black rocks to the right are the uppermost surface of pillow 
basalts, red rocks to the left are the lowermost pelagic siltstones from the 
Central Chain sedimentary sequence; Bere Pwi. Koh ophiolite, GR 5862 
79098.
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Four major faults can be recognised within the Koh ophiolite as having formed during the 
Early Cretaceous, as they displace rocks belonging to the Central Chain terrane, but have 
only a minimal effect on the Cretaceous overlap assemblages. In the Koh area the Late 
Paleozoic and Early Mesosoic rocks are displaced by these vertical faults for distances 
ranging from a few kilometres (the Ouambéo and Chévihai faults, Fig. 2.11) to 
undetermined distances (the Até and Koh-Koindé faults).
The Cretaceous unconformity and the overlying rocks display relatively constant altitude 
and flat bedding orientation indicating that the majority of movement occured prior to the 
mid Cretaceous. Subsequent movement was probably relatively small, no more than tens 
of metres. This may have resulted in the structural truncation of the Mt Rembai 
unconformity on the northern side of the mountain along the Chevihai Fault.
The Ouen Ouai fault and the Fanomeu faults are south-dipping, and contain serpentinite. 
They are associated with a complex system of small faults which run northeast-southwest 
and are probably related to the obduction of the Tertiary ophiolite nappes. They cut across 
the Koh-Koindé, Chévihai and Até faults and are probably associated with the Cenozoic 
compressional tectonics.
THE POCQUEREUX OPHIOLITE
The Pocquereux ophiolite outcrops 14 km southeast of the Koh ophiolite. It has a similar 
tectonic and stratigraphic position to the Koh ophiolite but differs in structural 
deformation style and geochemical stratigraphy (Map 2).
The Pocquereux ophiolite contains at least six separate fault-bounded sections, ranging in 
size from 0.3 km2 to 10 km2. The faults tend to be either low angle thrust faults, such as 
the Oua Né fault, or steeply dipping normal faults. They strike predominantly between 
northeast-southwest and north-south, and some of the thrusts merge into low angle thrust 
faults at the base of the ultramafic nappe. These faults are thought to have developed 
during the obduction of the ultramafic nappe in the Late Eocene and are related to the 
proximity of the basal thrust of the ultramafic nappe. The geology of this area (eg. Paris et 
al. 1982) shows that most of the outcrops of the Pocquereux ophiolite were located within 
a few hundred metres of the basal thrust of the New Caledonian ultramafic terrane during 
its obduction. This contrasts with the Koh and Sphinx ophiolites which are located at least 
600 m below this basal thrust and show little effect of Late Eocene tectonics.
Plutonic sequence
Cumulate gabbros were recognised from a single location in the Pocqueureux ophiolite. 
These outcrop as a small fault-bounded fragment (20 m long, 10 m wide) close to a 
serpentinite-bearing fault on the Pocquereux River (GR 5962 75982).
28
Transition zone
The Pocquereux ophiolite differs from the Koh ophiolite in that it contains a well- 
developed dyke complex, whereas the Koh ophiolite does not. The transition between the 
dyke complex and the extrusive unit is exposed along the Pocquereux River (GR 5953 
75975). It consists of parallel dykes intruding the pillow basalts, pillow breccia, and minor 
basaltic hyaloclastite. The deeper levels within the dyke sequence are exposed along the 
Oua Ne (Qua Neuil where the outcrop consists almost entirely of dykes over a distance of 
1 km. The thicknesses of these dykes are irregular, and they contain evidence of ocean 
floor faulting and hydrothermal alteration. Most chilled contacts contain many small faults 
and offsets with hydrothermal metamorphic minerals, such as actinolite, epidote and minor 
pyrite, characteristic of sea floor metamorphism. The trends of dykes are constant within 
each fault-bounded section, but vary considerably in different fault blocks. The lower 
levels of the dyke complex also contain minor plagiogranite intrusions (up to 10 m) as 
well as dolerite intrusions.
Plagiogranites are rare in the Pocqueureux ophiolite. Only two small outcrops were 
located, close to the base of the dyke complex along the Xwa Chida (GR 5955 75964) and 
Pournoui (Mee Me Nei) (GR 5978 75946) creeks.
Extrusive sequence
The volcanic rocks from the Pocquereux ophiolite are predominantly pillow basalts, 
breccia and massive flows. Red chert and hydrothermal sediments are common between 
pillows and in the pillow breccia. These breccias formed in situ by fracturing of the hot 
flow or pillow lobe on contact with sea water (Fig. 2.12) and fractures were subsequently 
filled by hydrothermally precipitated red chert. In the upper section of the Pocquereux 
River (GR 6003 75990) the pillow basalt unit contains coherent interpillow red chert beds 
containing disseminated pyrite.
Sedimentary rocks
The volcanic and hypabyssal ophiolite fragments are predominantly fault-bounded, with 
two exceptions. The first occurs along Oua Tiho creek (Xwa Neia) where the pillow 
basalts are conformably overlain by 65 m of pelagic red mudstone dipping south, followed 
by 500 m of volcanic sandstone, passing up into black micaceous siltstone. The second 
occurs along the Ouameni River where the pillow basalts are overlain by 50 m of pelagic 
mudstone and more than 200 m of volcaniclastic sandstone.
Both of these igneous-sedimentary transitions are similar to those of the Koh ophiolite. 
They show that although the ophiolites have differing structures and contain different
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magmatic series, they do have similar relationships with the overlying Triassic and 
Jurassic volcaniclastic rocks.
KOUA AND NASSIRAH OPHIOLITES
The Koua and Nassirah ophiolites are the southernmost fragments of the Central Chain 
ophiolites. They occur in a similar tectonic situation to the Pocquereux ophiolite in that 
they outcrop only 100 or 200 metres below the sole of the ultramafic nappe, and are 
affected by thrust and normal faults associated with the Eocene obduction (Map 3).
The Nassirah ophiolite fragment is very small and dips 40-50° towards the east. It consists 
of a 300 m thick section of pillow basalts which outcrop in road cuttings on the southwest 
side of the Col de Nassirah. These are conformably overlain to the northeast by 100 m of 
red pelagic siltstone and more than 300 m of volcaniclastic sandstone. Black siltstones 
occur approximately 1 km to the north, although these have been separated from the 
conformable sequence by faulting. To the south and the east both the ophiolite and the 
overlying Central Chain sedimentary rocks are overlain by Eocene breccias, probably 
above a unconformity or a low angle thrust fault. To the west the pillow basalts are faulted 
against the Central Chain sedimentary rocks.
The Koua ophiolite is a fault-bounded section of volcanic to plutonic transition rocks, 3 
km long and 1 km wide, which outcrops 3 km north of the Nassirah ophiolite. The most 
common lithology consists of dolerite intrusions and dykes with minor isotropic gabbro 
in the south and minor plagiogranite and basalt close to the major serpentinite-bearing 
fault on the northern boundary. Measurement of the orientation of several dykes show 
dips of 70° to the west and strikes of 160-170°. This suggests that the ophiolite faces 
northeast. The fault-bounded nature of the ophiolite, the lack of pillow structures in the 
basalts and the absence of sedimentary rocks makes it difficult to determine the exact 
stratigraphic thickness and orientation.
The dolerites are metamorphosed to greenschist facies, similar to the gabbro-basalt 
transition observed in the other ophiolites, and a well-defined dyke complex was only 
noted in restricted areas. Unequivocal intrusive relationships between plagiogranite and 
basalts were observed at GR 6124 75940 along a small creek east of the road (Fig. 2.13).
The Koua ophiolite is surrounded by serpentinite-bearing faults and has no stratigraphic 
contact with sedimentary rocks (Map 3). The rocks to the south are predominantly Central 
Chain terrane volcaniclastic sandstone and black siltstone, overlain by Tertiary foreland 
sediments similar to those which overlie the Nassirah ophiolite. To the east and west the 
rocks are unaltered volcaniclastic sandstones containing fragments of the Permian or 
lower Triassic atomodesmatinid bivalve. To the northeast along the Karaka River there is a 
small outcrop (100 m long) of pillow basalts, overlain by foliated chert and pelagic 
siltstone. These rocks are crissed-crossed by small quartz veins, and are substantially
30
Figure 2.12 Typical pillow breccia showing small irregular fragments of red 
hydrothermal chert in a basalt pillow breccia; tributary of Oua Nonda, 
Pocquereux ophiolite GR 5995 75957.
Figure 2.13 Plagiogranite containing small rafts of basalts; small tributary of the Koua 
River, Koua ophiolite, GR 6124 75940.
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more altered and deformed than the adjacent atomodesmatinid fragment-bearing 
sandstones lying between this outcrop and the dolerites fron the Koua ophiolite 
fragments. To the north field mapping suggests that the rocks are a mixture of the altered 
red and green chert and siltstone (tuff polycolore from Lozes et al. 1976); and the 
unaltered blue or grey volcaniclastic sandstone. These rocks are, as yet, largely unmapped 
and undifferentiated. The atomodesmatinid fragment-bearing sandstones are similar to 
Permian rocks from the Teremba terrane, while the Karaka River pillow basalts and chert 
are reminescent of the Boghen terrane metabasalts, although somewhat less 
metamorphosed. The possible origins of these rocks are discussed further in Chapter 6.
Results of U/Pb SHRIMP-dating of zircons from a sample of Koua plagiogranite which 
intrudes into basalts (Fig. 2.13) indicate that the ophiolite was formed in the Late 
Carboniferous or the earliest Permian (Fig. 2.14) (Dr. T.R. Ireland, Australian National 
University & Dr. J.C. Aitchison, University of Hong Kong, pers. comm.). However, 
caution is required in assigning this age to the remainder of the Central Chain ophiolites 
as the Koua fragment occurs in an area with a particularly complex tectonic setting and 
poorly defined boundaries. Two geochemical analyses suggest that the basalts and 
dolerites are similar to the rest of the Central Chain ophiolites (see Chapter 5), but further 
zircon dates from the other ophiolites (currently being undertaken at RSES, Australian 
National University) are needed before the relationship between Koua and the other 
Central Chain ophiolite can be verified. In this study the Koua ophiolite fragment is 
referred to as one of the Central Chain ophiolites despite its uncertain status, largely on the 
basis of geochemical and structural similarities.
SPHINX AND TAROUIMBA OPHIOLITES
The Sphinx and Tarouimba ophiolites are located 50 km to the north of the Koh ophiolite 
and are very similar, with the exception of the lack of boninitic rocks. They contain 
cumulate plutonic gabbros, plagiogranite, dolerite intrusions and a section of pillow 
basalts, up to 200 m thick, which is comparable to the lower tholeiites at Koh. This 
sequence is overlain by red pelagic siltstone and volcaniclastic sediment.
As with the Koh ophiolite the Sphinx ophiolite forms a broad faulted structure centred 
around a core of layered gabbros which have faulted contact with outcrops of schist from 
the Boghen terrane to the south (Map 4). They are both cross-cut by a major serpentinite- 
bearing fault zone, and exhibit a conformable contact between the pillow basalts and the 
Central Chain sedimentary sequence. However, unlike Koh, the Sphinx ophiolite faces 
north rather than east-northeast, and contains two main fault blocks separated by a 500- 
1000 km wide serpentinite-bearing fault zone. The western block contains the upper 
portion of an ophiolite from layered gabbros to basalts conformably overlain by pelagic 
siltstone and volcaniclastic sandstones, and dips 30-40° towards the northeast. The eastern
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Figure 2.14 Terra-Wasseburg plot of SHRIMP analyses from a Koua 
ophiolite plagiogranite; unpublished data from T.R. Ireland and 
J.C. Aitchison. The plot shows that the plagiogranite formed 
during the Late Carboniferous or Early Permian. Sample 70939.
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block dips steeply towards the north and contains predominantly basalts with minor 
dolerites and plagiogranites. Contacts between the basalts and the sedimentary sequence to 
the north and between the basalts and Boghen terrane schists to the south are faulted.
The Tarouimba ophiolite is a fragment of the Sphinx ophiolite, offset 10 km to the 
northwest. The fault which separates the two is vertical, and contains serpentinite along 
most of its length. North of the Tarouimba ophiolite the serpentinite disapears and the 
fault zone contains well-defined slickensides within coarse-grained volcaniclastic rocks 
(GR 5340 76524), which record dextral strike-slip displacement. This ophiolite fragment 
contains a sequence ranging from layered gabbros to pillow basalts dipping steeply to the 
west. Detailed mapping (Map 5) has identified three igneous rock units within the 
ophiolite, ranging from layered gabbros at the base to pillow basalts at the top.
Plutonic sequence
The layered gabbros are similar to those from the Koh ophiolite (Fig. 2.15). They contain 
predominantly plagioclase and clinopyroxene crystals, largely altered to actinolite with 
minor orthopyroxene or olivine crystals altered to serpentinite. The layering is formed by 
alternating plagioclase and clinopyroxene-rich layers with coarse and fine-grained 
cumulate gabbros.
The plutonic rocks differ from those of the Koh ophiolite in that intrusions of dolerite and 
isotropic gabbro are rare. This observation is consistent with the absence of a second and 
third magmatic episode, as observed in the Koh ophiolite.
Transition zone
The volcanic-plutonic transition probably consists of complicated altered intrusions of 
plagiogranite and dolerites, although this is difficult to establish as only isolated weathered 
outcrops of the transition were observed along steep ridges, in both the Tarouimba and 
Sphinx ophiolites. If a dyke complex exists in these ophiolites it was not observed in the 
field and has not been previously noted.
Extrusive sequence
The pillow basalts at the base of the volcanic section tend to be small and altered, 
increasing in size towards the top of the ophiolite as they become interbedded with green 
and red interpillow cherts. Pillow breccias are less common here than in the Koh and 
Pocquereux ophiolites. The Sphinx ophiolite contains a clear igneous-sedimentary 
transition zone where the pillow basalts are overlain by a thin pelagic chert sequence, 
followed by fine tuffaceous sandstones and coarse volcaniclastic sediments, some of
34
which contain shell and coral fragments. The general appearence and morphology of the 
basalts is similar to that of the upper and lower tholeiites from the Koh ophiolite.
CANTALOUPAi OPHIOLITE
The Cantaloupai ophiolite is the northernmost of the Central Chain ophiolites. The 
deformation style differs considerably, with many of the igneous rocks containing a slight 
schistosity and the accompanying sedimentary rocks metamorphosed to schists.
The ophiolite consists of elongated fragments oriented east-west, which are tectonically 
mixed with thrust slices of schistose sedimentary rocks and serpentinites (Map 6). The 
ophiolite rocks are undifferentiated basaltic and doleritic rocks with minor layered 
gabbros. Pillow breccias (Fig. 2.16) and dyke complex dolerites with chilled margins 
generally striking east-west, are recognisable at a few localities.
Metamorphism and deformation occurred during the Late Eocene and Oligocene, 
associated with regional high-P/T metamorphism in the northeastern corner of the island 
and during the subsequent unroofing of the complex which exposed the central eclogite 
core (Cluzel et al. 1994; Aitchison et al. 1995). The majority of faults in this area may be 
related to the rapid uplift of the northeastern section of the island.
FIELD RELATIONSHIPS OF THE CENTRAL CHAIN 
OPHIOLITES
The Central Chain ophiolites, at Koua, Pocquereux, Koh and Sphinx all exhibit 
conformable contacts between the basalts and the pelagic siltstones at the base of the 
Central Chain sedimentary sequence (Fig. 2.17). This indicates that they formed the 
ophiolitic basement of a single ocean basin. Both the plutonic and extrusive sections of the 
ophiolites are of a similar thickness, although the nature of the plutonic-extrusive 
transition and the sequence of magmatic episodes differ. The Cantaloupai and Koua 
ophiolites show no conformable contact with the Central Chain sedimentary sequence and 
stratigraphic comparisons are difficult, as these small fault-bounded fragments are largely 
incomplete. The Cantaloupai ophiolite is also extensively overprinted by later high P/T 
metamorphism. The geochemical analyses discussed in Chapter 5 suggest that both the 
Cantaloupai and Koua ophiolites are essentially similar to the rest of the Central Chain 
ophiolites.
Prior to analysis of zircons from the Koua ophiolite plagiogranite, the Central Chain 
ophiolites were thought to have been formed in the Early Triassic or Late Permian based 
on the Middle Triassic ammonites found in the black siltstones 1100 m above the Koh 
ophiolite (Meffre 1991). This age estimate assumes that the sedimentary rocks which 
overlie the Koh ophiolite represent an unfaulted continuous succession of volcaniclastic
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Figure 2.15 Typical layered gabbros from the Tarouimba ophiolite; upper section of Hd 
River GR 5374 76515.
Figure 2.16 Discontinuous layer of red chert in schistose basalts; tributary of Tipindje 
River, Cantaloupai ophiolite GR 5964 76962.
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Figure 2.17 Stratigraphic columns for the Central Chain ophiolites; shell symbols indicate 
the location of Anisian ammonites (Middle Triassic); diagonal boundaries 
indicate faults.
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sediments deposited at similar rates to modem arc-related volcaniclastic sequences or that 
very low angle detachment faults such as those which are widespread in the volcaniclastic 
cover of the Coast Range ophiolite of California (Jayko et al. 1987) are not present in the 
Central Chain terrane. Due to the fault-bounded nature of the Koua ophiolite and the 
absence of clear indication of sedimentary or structural breaks above the ophiolites with 
conformable sedimentary sequence, the age of the Central Chain ophiolites is uncertain.
The problem may be resolved through further zircon dating of the ophiolites with 
conformable sedimentary cover (presently in progress). Until these dates are available the 
Cantaloupai and Koua ophiolites are referred to as part of the Central Chain ophiolites, 
based on their geochemical and lithological characteristics.
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CHAPTER 3
IGNEOUS MINERALOGY AND 
PETROGRAPHY
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Igneous textures of the Central Chain ophiolitic rocks have been determined to establish 
the mineral crystallisation sequence during fractional differentiation of the magma series. 
The compositions of unaltered igneous minerals (predominantly clinopyroxene and 
chromite) are compared with minerals from modem arc-related settings in order to 
constrain the tectonic setting and petrogenesis of the ophiolite. The original igneous 
mineralogy of many of the ophiolitic rocks has been overprinted by prehnite-pumpellyite, 
greenschist, amphibole and blueschist facies metamorphic minerals (described in Chapter 
4), however, in the majority of rocks the original textures can still be interpreted.
THE KOH OPHIOLITE
The igneous petrography and mineralogy of the Koh ophiolite are described below, 
beginning with the lower units (cumulate gabbros) and continuing though to the upper 
units (tholeiitic basalts). The analysis is based on 126 samples which were examined in 
thin section, and 36 samples which were analysed using the electron microprobe. 
Preliminary studies of the mineralogical evolution of the Koh ophiolite, including some 
electron microprobe work, have been undertaken by Cameron (1989), Meffre (1991) and 
Pikoulas (1991). This chapter complements these studies using greater constraints on the 
stratigraphy of the igneous units identified during detailed mapping of the Koh ophiolite. 
Although the previous studies identified boninitic and tholeiitic units, they did not 
distinguish between the two tholeiitic basalt units and their plutonic equivalents.
Cumulate gabbros
Cumulate gabbros represent the deepest crustal levels of the Koh ophiolite. Twenty 
samples, mainly collected from Foa Poupeta (Uvara) and Ouen Ouai (XweXwai) (Map 1) 
were examined and found to contain an inferred primary igneous assemblage of 
plagioclase and clinopyroxene with minor orthopyroxene, titanomagnetite and possibly 
olivine. The majority of samples contain medium to coarse-grained clinopyroxene and 
plagioclase crystals (0.5-2 mm), predominantly oriented along an igneous foliation. The 
plagioclase crystallised early, allowing the development of subhedral tabular crystals and 
poikilitic enclosures of small plagioclase crystals within clinopyroxene. Fresh 
orthopyroxene was found in only two samples and no fresh olivine was observed. 
Relatively large anhedral crystals (0.7-2 mm) of either altered orthopyroxene or olivine 
with inclusions of clinopyroxene and plagioclase are present in most samples. 
Titanomagnetite is present in two of the rocks as a minor interstitial phase. Typical modes 
for these gabbros are 55-60% plagioclase and 35-45% clinopyroxene with minor (<5%) 
altered othopyroxene or olivine and titanomagnetite.
Gabbros contain two distinct types of layering; one associated with variation in the crystal 
size without any noticeable changes in the mineral content, and the other related to changes
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in the mineral assemblage (Figs. 2.3 & 2.4). Ultramafic layers are rare, probably because 
the deeper levels of the ophiolite, where these would be most likely to appear, are not 
exposed. The single ultramafic sample examined is a layer of websterite within a layered 
gabbro. It consists of clinopyroxene (55 % of the rock, En4 iWo4 5 Fsi4 ), orthopyroxene 
(35 %, En7 2 Wo2 Fs2 6 ), titanomagnetite (5%) and plagioclase (5%).
The modal mineral contents of the Koh ophiolite gabbros are approximately similar to 
those of high level layered gabbros from other ophiolites. For example, typical modes for 
the Oman ophiolite cumulate gabbros are 55% plagioclase, 35% clinopyroxene and 10% 
olivine (Browning 1984). The olivine content is lower and the orthopyroxene content 
higher in the Koh ophiolite. This may be due in part to the alteration which results in 
orthopyroxene becoming indistinguishable from olivine (see Chapter 4). It may also be 
due to the refractory character of the Koh ophiolite lower tholeiitic magma, discussed 
further in Chapter 5. Layered gabbros in ophiolites are throught to originate from ductile 
deformation of crystals deposited on the floor and walls of a small, frequently replenished 
axial magma chamber (Browning 1984; Sinton & Detrick 1992).
Small blocks of serpentinised ultramafic rocks containing altered orthopyroxene, 
clinopyroxene and chromite are present in the steeply dipping serpentinite zone at the base 
of the Koh ophiolite. These are especially common along Faouerou (Fa_Ouem) (G.R. 
76210 5785. Serpentinite and serpentinised ultramafic blocks are present in fault zones 
throughout the island (Maurizot e t  a l . 1985c) and could originate from any of the 
ophiolitic and arc-related terranes in New Caledonia. Due to this uncertainty the ultramafic 
material within the fault zone was not studied in detail.
Isotropic gabbros
The isotropic gabbros are difficult to define as a single unit due to the irregular gradational 
contact with cumulate gabbros at the base of the section, and the greater abundance of 
dolerite and plagiogranite intrusions near the top of the section. However, within a 100- 
300 m thick zone beginning 200 m below the first extrusive rocks, the intrusive complex is 
dominated by gabbros which do not show the distinctive textures of the cumulate gabbros. 
These medium-grained rocks (0.5-1 mm) generally contain randomly-oriented 
interlocking crystals of clinopyroxene (40%), subhedral tabular plagioclase (55%) and 
minor skeletal titanomagnetite (5%).
Transition zone
The plutonic-extrusive transition zone contains small intrusions (1-200 m wide) and dykes 
of gabbro, quartz gabbro, tonalite and trondhjemite. There is a complete composition 
range from gabbro to-trondhjemite (Fig. 3.1).
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The gabbros contain coarse to medium-grained interlocking crystals (0.4-30 mm) of 
altered plagioclase, clinopyroxene and titanomagnetite with accessory quartz. The crystal 
size of the coarse-grained gabbros has been enhanced by circulation of hydrothermal 
fluids. The tonalites contain altered clinopyroxene and granophyric intergrowths of 
plagioclase and quartz (Fig. 3.2). The intergrowths are usually composed of a euhedral or 
subhedral core of plagioclase surrounded by fine-grained intergrowths (0.02 mm) which 
are increasingly coarse (up to 0.4 mm) and quartz-rich towards the outside of the 
intergrown crystals. Altered, long clinopyroxene crystals (0.2-0.5 mm wide and 0.8-2.5 
mm long), in some cases form inclusions within plagioclase cores, indicating that they 
crystallised early; at the same time as, or possibly earlier than, the plagioclase. A minor 
component of the tonalites is titanomagnetite which takes the form of small skeletal 
crystals generally congregated on the rim of clinopyroxenes suggestive of later 
crystallisation. The trondhjemites are generally similar to the tonalites with the exception 
of altered clinopyroxenes, which are either absent or form a minor part of the mineral 
assemblage.
Crystal relationships within the tonalites and trondhjemite suggest that clinopyroxene and 
plagioclase crystallised first, followed by the nucleation of titanomagnetite on the outside 
of the clinopyroxene crystals, and the overgrowth of the plagioclase cores with inter-grown 
plagioclase and quartz. The increase of quartz towards the outside of the granophyric 
overgrowth suggests that the melt trapped between the early formed crystals was 
undergoing rapid differentiation towards an Si-rich composition. The sudden change and 
contrast in the shape of the crystals and mineral assemblage between the early 
crystallisation of plagioclase and clinopyroxene, and the late granite-like overgrowths, 
suggests that there were two separate stages in the fractionation history of these rocks. The 
first stage involved the crystallisation of crystals similar in shape and composition to those 
of layered gabbros from a mafic magma. The second stage involved the trapping of these 
minerals in a liquid undergoing rapid differentiation towards high-Si composition, 
probably caused by the crystallisation of titanomagnetite, plagioclase and quartz onto the 
outside of the early formed crystals. The lack of resorption of the early-formed minerals 
suggests that the second stage may have been significantly cooler.
Dolerites cross-cutting the plagiogranites and the base of the pillowed basalts are similar 
to the lower tholeiitic basalts. Small dykes (<0.5 m wide) contain a very fine-grained 
matrix and small isolated phenocrysts while larger dykes contain small interlocking laths 
of plagioclase enclosed by clinopyroxene crystals forming a subophitic texture.
Plagiogranites in other ophiolites are thought to form during filter pressing of cumulates at 
the top of the magma chamber (Pedersen & Malpas 1984), or wet anatexis of hot gabbros 
(Pedersen & Malpas 1984; Nicolas & Boudier 1991). The lack of resorbtion textures and 
the lack of hydrothermal minerals in some of the trondjhemites, as well as the presence of
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Quartz
Figure 3.1 Estimates of modal proportions of quartz, plagioclase and mafic minerals 
from the Koh plutonic rocks, showing the range of composition present 
between gabbro and trondjhemite.
Figure 3.2 Granophyric intergrowth in a tonalité with a central subhedral plagioclase 
crustal and an surounded by intergrown quartz and plagiocalse. Sample 
69016, field of view 2.3 x 1.6 mm.
43
intermediate intrusive rock types all suggest that the plagiogranites from the Koh ophiolite 
formed by filter pressing and subsequent isolation of the felsic liquids from the magma 
chamber, rather than through wet anatexis. Plagiogranite intrusions into the base of the 
lowermost basalts suggest that these were emplaced relatively late in the history of the Koh 
ophiolite, and at shallower levels than is typical (eg. Aldis 1981; Nicolas & Boudier 1991). 
This may be due to the lack of a regular dyke complex and the irregular spreading which 
is inferred for the Koh ophiolite.
Lower tholeiitic basalts
Thirty lower tholeiitic basalt samples were examined in thin section. They consist of a 
fine-grained groundmass with small laths (0.1-0.5 mm) of plagioclase, clinopyroxene 
(En45.52W035.45Fs8.20) and rare titanomagnetite in an altered matrix which was probably 
originally glassy (Fig. 2.7). 30% of the samples contain phenocrysts of plagioclase and 
clinopyroxene (0.3-1 mm) however, these usually make up only a small percentage of the 
total volume (1-8%). Some of the rocks contain glomerocrysts of elongated plagioclase 
enclosed within clinopyroxene crystals which indicate that plagioclase crystallised early. A 
total of 60% of the samples contain vesicles filled with quartz and metamorphic minerals, 
forming between 5-10% of the total volume of the rocks.
Boninites
Twenty three boninites samples were examined in thin section. These are mostly 
porphyritic vesicular rocks containing large altered phenocrysts and glomerocrysts set in a 
groundmass of clinopyroxene microphenocrysts and altered glass (Fig. 3.3). Vesicles 
(0.1-5 mm in diameter) are present in 70% of the sections, generally comprising between 3 
and 15% of the volume, although two of the samples contain vesicles forming up to 35% 
of the volume.
In the majority of samples the groundmass is composed of small (0.03-0.3 mm) tabular 
subhedral clinopyroxene microlites set in an altered glassy matrix (Fig. 3.4). In some 
cases, these have altered orthopyroxene cores and fresh clinopyroxene rims. The 
clinopyroxene microphenocrysts have high Mg and low Fe, Ca and Ti contents compared 
with the tholeiitic clinopyroxenes (Table 3.1) The largest of these crystals show slight 
compositional zoning with high Mg and Ca contents in the centre (Fig. 3.5). The outer 
rims of the crystals (5-15 pm) tends to have very high Fe and low Ca and Mg, probably 
due to quenching or element diffusion from the glassy matrix during alteration. These 
composite orthopyroxene microphenocrysts with clinopyroxene overgrowths set in a 
glassy groundmass are typical of boninites from ophiolites (Cameron et al. 1979; 
Ohnenstetter & Brown 1989) and modem island arcs (Natland 1981; Taylor et al. 1994).
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Figure 3.3 Typical boninite containing large glomerocrysts of altered orthopyroxene 
with small chromite inclusions in a matrix of clinopyroxene microlites and 
altered glass. Sample 70940; field of view 20 x 14 mm.
Figure 3.4 Clinopyroxene microphenocrysts and altered glass in the groundmass of a 
boninite. Right side shows the edge of a large altered orthopyroxene 
phenocryst with an overgrowth of clinopyroxene. Sample 70941; field of 
view 0.45 x 0.30 mm.
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Figure 3.5 Zoning profiles in small clinopyroxene phenocrysts from the Koh 
boninites in terms of their end member composition. Figure 3.2a: Sample 
70944; 3.2b: Sample 70942.
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layered gabbro lower tholeiite boninite upper tholeiite
Si 1 .9 2 -2 .0 0 1.82- 1.90 1 .8 9 -2 .0 0 1 .8 0 -1 .9 3
Ti 0 .0 0 0 - 0 .0 1 0 0 .0 0 0 - 0 .0 3 2 0 .0 0 0 - 0 .0 0 4 0 .0 0 5 - 0 .0 3 5
Al 0 .0 0 -0 .1 0 0 .1 5 - 0 .2 2 0 .0 5 -0 .1 1 0 .0 7 - 0 .2 0
Cr 0 .0 0 0 -0 .0 0 8 0 .0 0 0 - 0 .0 1 2 0 .0 0 2 - 0 .2 2 0 0 .000- 0.011
Fe 0 .0 5 -0 .2 5 0 .1 2 - 0 .3 9 0 .1 5 -0 .2 8 0 .2 0 -0 .4 5
Mn 0 .0 0 0 -0 .0 0 8 0 .0 0 2 -0 .0 1 2 0 .0 0 5 - 0 .0 1 0 0 .0 0 5 - 0 .0 1 5
Mg 0 .8 0 -1 .0 0 0 .85- 1.20 0 .87- 1.09 0 .7 8 - 0 .9 8
Ca 0 .9 0 -1 .0 1 0 .6 5 - 0 .9 0 0 .6 2 - 0 .8 6 0 .6 0 - 0 .8 4
Na 0 .0 1 0 - 0 .0 3 0 0 .0 1 0 -0 .0 2 8 0 .0 0 0 - 0 .0 1 5 0 .0 1 0 - 0 .0 3 0
K 0 .0 0 0 - 0 .0 0 2 0 .0 0 0 -0 .0 0 2 0 .0 0 0 - 0 .0 0 2 0 .0 0 0 - 0 .0 0 3
no. 18 15 4 6 83
Table 3.1 Range of clinopyroxene composition within the layered gabbros and the 
extrusive units of the Koh ophiolite. Recalculated to six oxygens, 
abbreviation: no. -number of analyses.
Composite pyroxene microphenocrysts are not present in some samples. The groundmass 
in these rocks consists of either needle-like and feather-like quench clinopyroxenes set in 
an altered glass matrix, or simply of an altered glassy matrix with no microlites. The 
groundmass also contains small chromite crystals. The compositions of the chromites are 
typical of boninitic rocks (Fig. 3.6) with high Cr# (mostly 0.83-0.89) together with 
moderate Mg# (mostly 0.43-0.53) and Fe3+# (0.04-0.10). The majority of the chromite 
crystals are transitional in composition between those from high-Ca boninites, such as 
those from the Troodos ophiolite, and low-Ca boninites, such as those from the Bonin 
islands. This suggests a magmatic composition slightly more refractory than that of many 
high-Ca boninite suites. Many of the samples contain two types of chromite crystals, one 
high in Cr and the other low (Fig. 3.7). The low Cr crystals tend to be smaller but bear no 
visible evidence of alteration. They have a wide variety of compositions extending to low 
Mg#, suggesting that they have been affected by sub-solidus re-equilibration (eg. 
Crawford et al. 1989).
Ninety percent of the boninitic samples are porphyritic and glomerophyric. The 
phenocrysts (0.5-2 mm long) are euhedral or subhedral orthopyroxene pseudomorphs 
arranged into small clusters with between 2 and 15 crystals visible in the plane of the 
section (Fig. 3.3). The majority of samples contain between 15 and 25% phenocrysts, 
however some samples have up to 35% phenocrysts. This high phenocryst content can be 
shown to be adcumulate in origin, due to deviation from the main liquid line of descent in 
the geochemistry of the whole rock (see Chapter 5). The phenocrysts were probably added 
to the liquids during mixing in the magma chamber.
The altered orthopyroxene phenocrysts are generally mantled by unaltered clinopyroxene 
on straight faces (eg. [100]) (Fig. 3.8). The clinopyroxene overgrowths on the 
orthopyroxene phenocrysts are only present in rocks which contain groundmass 
microlites. Some of the orthopyroxene phenocrysts have sieve and skeletal textures and
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Figure 3.6 Comparison between chromites from Koh boninitic rocks (filled squares) and chromites from modem island arcs and the Troodos ophiolite Data for Chichijima, Umino (1986); Troodos, Cameron (1985); Lau Basin and MORB, Alan (1994).
Mg#(Mg/Mg+Fe2+)
Figure 3.7 Chromite composition from the boninites in the Koh ophiolite. Samples 
70947, 70941 and 70946 show two distinct chromite compositions, one high in Cr and the other low in Cr.
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many contain small inclusions of chromite (0.01-0.05 mm) (Fig. 3.9). No definite olivine 
pseudomorphs were observed, although these have been identified in the Koh boninites by 
Cameron (1989). Clinopyroxene phenocrysts are common only in the more evolved 
samples, which are generally from the upper section of the boninites. Boninitic 
hyaloclastites and autoclastic breccias are common, and contain a mixture of clasts (1-10 
mm) and phenocrysts set in an altered coarse-grained chaotic groundmass predominantly 
composed of alteration minerals.
An abrupt change in the mineral assemblage approximately 200 m above the base of the 
boninite unit separates the boninitic units into a lower boninite section containing 
orthopyroxene phenocrysts in a groundmass of clinopyroxene microphenocryst and glass 
and an upper felsic volcanic section with gradual changes in mineralogy (Fig. 3.10) and 
composition from boninites to dacites and rhyolitic tuffaceous rocks.
The least-differentiated of the felsic volcanics are petrographically variable and can be 
distinguished from the boninites by the appearance of plagioclase, either in the 
groundmass or in the phenocrysts. Some of the samples contain small clinopyroxene 
phenocrysts (0.3-0.6 mm) in a groundmass of plagioclase laths and clinopyroxene 
microphenocrysts, while others contain large phenocrysts of plagioclase (0.5-2 mm, up to 
10% of the volume of the rock) and pyroxene (0.5-3 mm, up to 15% of the volume of the 
rock) set in an altered glassy groundmass.
The more differentiated felsic volcanics (Fig. 3.10) contain large composite embayed 
quartz phenocrysts (0.5-10 mm), altered plagioclase (0.3-1.5 mm) and clinopyroxene (0.2- 
1 mm) phenocrysts and glomerocrysts. In some cases these are inter-grown with 
granophyric textures. The quartz phenocrysts are always strongly embayed and some of 
the plagioclase phenocrysts are resorbed. The clinopyroxenes are mainly euhedral. The 
groundmass is either trachytic textured with plagioclase and clinopyroxene 
microphenocrysts, or it consists of fine-grained (0.02 mm) inter-grown plagioclase, quartz 
and chlorite. The groundmass rarely contains small magnetite crystals (0.02-0.1 mm). 
More evolved rocks contain only plagioclase, quartz and magnetite phenocrysts and the 
most felsic volcanic rocks contain only quartz phenocrysts in an altered, recrystallised 
groundmass of fine-grained quartz and plagioclase (Fig. 3.10).
These phenocryst and groundmass minerals show that evolution of the magma caused 
minerals to appear in the following order: orthopyroxene, spinel and probably olivine, 
followed by clinopyroxene, plagioclase, quartz and magnetite. Plagioclase laths begins to 
crystallise in the groundmass before the development of plagioclase phenocrysts which 
appear late in the crystallisation sequence, just prior to the appearance of quartz. Only one 
of the samples contains plagioclase phenocrysts without quartz. This late crystallisation 
was probably caused by a combination of the high Mg and water contents of the lavas.
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Figure 3.8 Clinopyroxene overgrowth on some of the crystal faces of altered 
orthopyroxene phenocrysts. Note the small opaque inclusions of chromite in 
the orthopyroxene phenocrysts. Sample 70941; field of view 2.5 x 1.7 mm.
Figure 3.9 Sieve-textured orthopyroxene phenocryst from the vesicular rim of a boninite 
pillow. The groundmass consists of altered glass and thin needles of quench 
clinopyroxene. The vesicle to the right is filled with quartz and other 
unidentified alteration minerals. Sample 69076; field of view 7 x 5  mm.
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Figure.3.10 Stratigraphic variation in the mineralogy of the boninites and overlying 
felsic volcanics. The base of the sequence shows a constant mineralogy 
while the top varies over short intervals.
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Water contents of between 1 and 3% are typical for boninites (Sobolev & Danyushevsky 
1994; Taylor etal. 1994).
The change in mineralogy between the boninites and the overlying boninitic felsic 
volcanics reflects a fundamental change in the evolution of the magma chamber. The 
unchanging clinopyroxene-dominated mineralogy of the boninite section suggests that the 
chamber was being replenished during their eruption while the gradual evolution towards 
more felsic compositions in the upper section shows that over time the magma chamber 
evolved into a closed system.
Upper tholeiite intrusions
The upper tholeiite intrusions, of which twelve samples were examined, are present 
throughout the ophiolite from the lowermost gabbros to the upper tholeiitic pillow basalts. 
They contain interlocking plagioclase and clinopyroxene crystals with minor skeletal 
titanomagnetite and quartz. Grain size varies between 1 mm for the intrusions to 0.2 mm 
for the dykes. In some samples quartz is interstitial between the plagioclase and 
clinopyroxene crystals and in others it is inter-grown with the rims of the plagioclase 
crystals forming granophyric intergrowths similar to those described for the rocks from 
the plutonic-extrusive transition. Some of the plagioclase crystals are simply zoned with a 
small unaltered rim of high Na plagioclase and an altered core of high Ca plagioclase. 
Clinopyroxene compositions overlap considerably with the upper tholeiitic basalts but are 
generally lower in A1 and Mg and higher in Ca (En37 .43W 0 4 0 .47Fs 15.20)- These 
differences are probably due to the variation in cooling rates between the extrusive and 
intrusive sections of the ophiolites (eg. Beccaluva etal. 1989).
Upper tholeiitic basalts
Thirteen samples of upper tholeiitic basalts were examined in thin section. The majority 
are porphyritic basalts (77%), containing small glomerophyric augite, plagioclase 
phenocrysts and skeletal titanomagnetite in a groundmass of small plagioclase laths, 
clinopyroxene microphenocrysts and devitrified glass altered to chlorite, pumpellyite and 
magnetite. Some of the samples also contain elongated microphenocrysts of magnetite in 
the groundmass. Approximately half contain small vesicles (0.1-0.5 mm) now filled with 
alteration minerals (Fig. 3.11).
The upper tholeiitic basalts differ from the lower tholeiitic basalts in their petrographic 
characteristics. More upper tholeiitic basalts contain phenocrysts than lower tholeiitic 
basalts (77% vs 30% of the samples). In the upper tholeiites phenocrysts account for a 
larger volume of the rocks (5-15%) and the groundmass laths are both larger and better 
developed. Titanomagnetite is more common in both the groundmass and as a phenocryst 
phase.
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Two generations of clinopyroxene phenocrysts can be identified in many of the rocks. The 
first consists of large resorbed phenocrysts (0.3-1 mm) with embayed edges and sieve 
textures. The second consists of smaller, euhedral to subhedral phenocrysts with no 
evidence of resorption. The first generation have lower Fe (En45_5oWo38-42Fsio-i5) than 
the second (En40-48W 032.42Fsi8.23). Similarly two separate plagioclase populations can 
also be identified within these rocks. The first are sieve-textured phenocrysts with an un- 
resorped rim, and the second are elongate tabular phenocrysts without evidence of 
resorption.
This shows that crystallisation of the magma occurred at different levels in the crust before 
eruption onto the sea-floor. A complex crystallisation history is expected for the lower 
tholeiites as these formed during the rifting and intrusion of older ophiolitic crust. The 
lack of cumulate rocks belonging to this magmatic event and the presence of differentiated 
quartz-bearing intrusions throughout the lower tholeiite plutonic sequence shows that the 
main magma chamber was probably beneath the level of the deepest rocks exposed within 
the Koh ophiolite.
CENTRAL CHAIN OPHIOLITES 
Pocquereux ophiolite
The petrography of the Pocquereux ophiolite fragments is similar to that of the upper and 
lower tholeiites and shallow intrusive rocks from the Koh ophiolite. The absence of 
boninites, the presence of a dyke complex and the scarcity of layered gabbro exposures 
are the main differences noted in the field between the two ophiolites. These differences do 
not produce many variations in the petrography of the tholeiites.
A single sample of cumulate gabbro was examined in thin section from a small fault- 
bounded block near the serpentinites along the Pocquereux river (G.R. 7982 5962) This 
sample contains altered plagioclase (0.5-2 mm, 50%), clinopyroxene (0.5-2 mm, 45%) 
and altered orthopyroxene crystals (2 mm, 5%). As in the Koh ophiolite, the small tabular 
plagioclase crystals are enclosed within clinopyroxene crystals.
The dolerites from the dyke complex contain medium to fine-grained interlocking crystals 
of clinopyroxene (0.1-0.6 mm, -45% ), plagioclase (0.1-0.6 mm, -50% ) and 
titanomagnetite (<0.2 mm <5%). They do not include phenocrysts, although some samples 
contain small (0.3-0.5 mm) irregular amygdales.
The majority of the basalts (75%) from the overlying extrusive sequence contain small 
glomerocrysts and phenocrysts (0.2-0.7 mm) of plagioclase and clinopyroxene, set in a 
groundmass of plagioclase laths and clinopyroxene microphenocrysts, accompanied by
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titanomagnetite and altered glass (Fig. 3.12). These basalts are very similar to the upper 
tholeiites at Koh, in terms of their crystal shape and phenocryst content.
Koua and Nassirah ophiolites
The Koua ophiolite contains only parts of a dismembered transitional zone and the lower 
section of the extrusive sequence, consisting of plagiogranites, dolerites and basalts. The 
two dolerite samples examined contain interlocking plagioclase and clinopyroxene with 
minor titanomagnetite. The basalts contain phenocrysts (0.3-1 mm) of clinopyroxene and 
plagioclase in a groundmass of altered plagioclase, clinopyroxene microlites, 
titanomagnetite and altered glass.
A single sample of plagiogranite was examined in thin section, and contains large 
interlocking crystals (0.5-1 mm) of plagioclase and quartz without the granophyric 
intergrowths common in many of the Koh ophiolite plagiogranites. The sample also 
contains rare small euhedral zircons (0.1 mm) and chlorite which is probably replacing 
clinopyroxene or amphibole.
A single sample from the Nassirah ophiolite fragment was examined, and consists of 
clinopyroxene and plagioclase phenocrysts (0.5-0.8 mm) in a groundmass containing 
plagioclase laths and altered glass. The groundmass contains thin magnetite needles which 
give the rock a black opaque appearence similar to the upper pillow basalts in the Koh, 
Pocquereux and Sphinx ophiolite.
Sphinx and Tarouimba ophiolite
The igneous rocks from the Sphinx and Tarouimba ophiolites also have similar 
petrographic characteristics to those from Pocquereux and Koh and are therefore 
described only briefly here.
The cumulate gabbros contain well-developed layering and cumulate structures. A typical 
sample contains large altered tabular plagioclase (1-6 mm, 50%) clinopyroxene (1-4 mm, 
40%), serpentinised orthopyroxene (3-8 mm, 9%) and small (0.5-1 mm, 1%) 
titanomagnetite crystals. Some of the clinopyroxene and orthopyroxenes have poikilitic 
inclusions of euhedral to subhedral tabular plagioclase, and others are interstitial between 
the large tabular plagioclase crystals similar to those from the Koh ophiolite, indicating 
that they crystallised early.
The isotropic gabbros and dolerites contain interlocking plagioclase, clinopyroxene and 
titanomagnetite. The plagiogranites include granophyric intergrowths of plagioclase and 
quartz.
A total of 18 basalt samples were examined in thin section, and the majority (14) contain 
phenocrysts of plagioclase and clinopyroxene varying in size between 0.3 and 2 mm. The
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Figure 3.11 Typical upper tholeiite showing glomerocryst of clinopyroxene, plagioclase 
and titanomagnetite in an altered groundmass of plagioclase magnetite and 
glass. The bright green and brown minerals in the groundmass and vesicles 
is pumpellyite. Sample70948; field of view 2.3 x 1.6 mm.
Figure 3.12 Photomicrograph of a tholeiite from the Pocquereux ophiolite showing 
similar textures to the Koh tholeiites. Sample 70949; field of view 0.9 x 0.7 
mm.
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groundmass generally contains quench plagioclase laths and clinopyroxene 
microphenocrysts set in altered glass. Some of the samples also contain titanomagnetite 
phenocrysts, and approximately half contain vesicles (up to 10% of the volume).
Cantaloupai
The rocks from the Cantaloupai ophiolite are difficult to interpret, largely due to the 
obliteration of the primary igneous textures as a result of metamorphism. However, altered 
cumulate gabbros with early formed plagioclase, dolerites with interlocking clinopyroxene 
and plagioclase with minor titanomagnetite, plagiogranites with granophyric intergrowths 
and basalts with clinopyroxene and plagioclase phenocrysts in a groundmass of 
plagioclase laths and clinopyroxene microphenocrysts can be identified. This suggests that 
the original mineralogy and igneous textures were similar to those of the ophiolites 
described earlier.
CRYSTALLISATION SEQUENCE
The petrography of the Central Chain ophiolites shows that the lowermost gabbros in the 
Koh, Sphinx, and Tarouimba ophiolite fragments were formed by cumulate processes 
during the crystallisation of plagioclase, clinopyroxene and orthopyroxene in magma 
chambers. Small fault-bounded blocks in the Pocquereux and Cantaloupai ophiolites were 
formed by similar processes. The textures indicate that plagioclase and clinopyroxene 
crystallised early, followed by orthopyroxene and minor titanomagnetite. Olivine was not 
observed in any of the rocks but the presence of serpentinised crystals in many of the 
cumulate gabbros suggests that they may have contained either olivine or orthopyroxene 
prior to alteration. The tonalites and trondhjemites from the extrusive-plutonic transition 
were probably formed by early mafic crystallisation of plagioclase and clinopyroxene 
followed by late crystallisation of magnetite and quartz inter-grown with plagioclase. The 
lack of K-feldspars and micas indicate that they evolved from a low-K magma, which was 
probably also the original source of the tholeiitic basalts.
The petrographies of the upper, lower tholeiitic basalts at Koh and Central Chain tholeiitic 
basalts differ in several ways. The lower tholeiites are generally aphyric and are usually 
composed of plagioclase and clinopyroxene microlites. The upper tholeiites are more 
porphyritic, less altered and contain more titanomagnetite. The remainder of the Central 
Chain ophiolites have tholeiitic basaltic rocks which resemble both the upper and lower 
tholeiites at Koh. The average phenocryst content is lower than the Koh upper tholeiite, 
and higher than the lower tholeiites. The amount of titanomagnetite within the Central 
Chain tholeiites is generally less than in the upper tholeiite at Koh but greater than in the 
lower tholeiite. This indicates that the tholeiites in the Central Chain ophiolites are 
transitional between the two tholeiite units at Koh regarding their crystalisation history.
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This is in accord with the wholerock geochemical characteristics of the suites which are 
outlined in Chapter 5. With the excepion of these minor differences the mineralogy and 
petrography of the basalts, dolerites, gabbros and plagiogranites from the upper and lower 
tholeiites at Koh are similar to those of the other Central Chain ophiolites.
CLINOPYROXENE COMPOSITION
The composition of clinopyroxene crystals in igneous rocks is strongly influenced by the 
chemical characteristics of the magma from which they crystallised (Nisbet & Pearce 
1977; Leterrier et al. 1982; Beccaluva et al. 1989). The clinopyroxene crystals from the 
Koh ophiolite generally support this observation. The boninitic rocks have clinopyroxene 
phenocrysts and microlites which are high in Mg, Si and Cr and low Ti, Al, Fe and Na 
when compared with the tholeiites. (Table. 3.1, Fig 3.13). The clinopyroxenes from the 
layered gabbros and the lower tholeiites have different compositions, even though the 
ophiolite structure indicates that they were probably formed by the same magmatic event. 
The layered gabbros have cumulate clinopyroxene crystals which are generally higher in 
Ca and Si and lower in Al and Fe than the tholeiites. The differences probably arise 
because they crystallised from more primitive magma deep within the magma chamber. 
Differences in the cooling rates between the layered gabbros and the tholeiites may also 
influence clinopyroxene chemistry (Beccaluva et al. 1989). The upper tholeiites have low 
Fe compositions for early formed resorbed phenocrysts and higher Fe compositions for 
small late stage phenocrysts and groundmass microphenocrysts.
The tholeiites have clinopyroxene compositions typical of ocean floor tholeiites and 
ophiolitic basalts (Fig. 3.14). Generally they are transitional in composition between those 
from ocean floor basalts and volcanic arc basalts (Fig. 3.15). The data set of 
clinopyroxene compositions compiled by Beccaluva et al. (1989) suggests that the 
tholeiites have transitional clinopyroxene compositions between MORB and IAT. The 
boninites have similar clinopyroxenes to those from the boninites of the IBM forearc but 
most of the clinopyroxenes from the tholeiites are outside the range of basalts, basaltic 
andesites and andesites from the IBM forearc and extend into the MORB range of 
compositions (Fig. 3.14).
Figure 3.13 Composition of clinopyroxenes from the layered gabbros and the 
extrusive units in terms of the enstatite, wollastonite and ferrosilite end 
members.
Figure 3.14 Discriminant function diagram (after Nisbet & Pearce 1977) for upper 
and lower tholeiite clinopyroxene analyses showing that the Koh 
ophiolite clinopyroxenes are transitional in composition between those 
from ocean floor basalts and those from volcanic arc basalts.
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Figure 3.15 Comparison of clinopyroxene analyses from the Koh ophiolite (top) 
with those from modem arc settings (bottom) (after Beccaluva et al 
1989). The Koh tholeiite clinopyroxenes plot within the island arc 
tholeiite and the backarc basin basalt fields. All data in cations for six 
oxygens.
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CHAPTER 4
METAMORPHISM OF THE CENTRAL CHAIN OPHIOLITES
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Both the igneous and sedimentary rocks from the Central Chain ophiolites have been 
affected by low grade greenschist facies metamorphism, and contain the metamorphic 
mineral assemblage actinolite, albite, chlorite, epidote, prehnite, pumpellyite, magnetite, 
titanite, and quartz. Examination of the geological history of New Caledonia, discussed in 
Chapter 1, and several previous studies (eg. Gudrangd et al. 1975, Gudrangd et al. 1977, 
Paris 1981) suggest that this mineral assemblage was formed during four separate 
metamorphic events.
(1) Sea floor metamorphism altered the ophiolitic rocks when they formed in the late 
Carboniferous or Permian.
(2) Burial metamorphism occurred when the ophiolites were overlain by at least 7 km of 
volcaniclastic sediments during the Triassic and Jurassic.
(3) Prehnite-pumpellyite facies metamorphism, relating to the collision and emplacement 
of the terranes, occurred during the Cretaceous.
(4) Collision-related high P/T metamorphism occurred during the obduction of the New 
Caledonian ultramafic nappe in the Eocene.
The metamorphic conditions for each of these events can be estimated using mineral 
assemblages from different levels in the New Caledonian stratigraphy. For example, 
middle Eocene sedimentary rocks contain a metamorphic mineral assemblage formed 
purely by the Tertiary metamorphic event associated with the obduction of the New 
Caledonian ultramafic nappe. Jurassic sedimentary rocks at the top of the Central Chain 
sequence contain a metamorphic mineral assemblage formed by a combination of the 
Tertiary event and an Early Cretaceous event associated with the amalgamation of the pre- 
Cretaceous terranes. Sedimentary rocks at the base of the Central Chain volcaniclastic 
sequence contain an assemblage formed by these two events and an additional burial 
metamorphic event, and finally, the Central Chain ophiolite metamorphic mineral 
assemblages formed in response to a combination of all of the events outlined above.
SEA FLOOR METAMORPHISM IN THE CENTRAL CHAIN 
OPHIOLITES
Evidence for sea floor metamorphism has been found in all ophiolitic and igneous rocks 
recovered from the sea floor (Alexander & Harper 1992). This metamorphism is caused 
by hydrothermal fluids circulating through the rocks while they are cooling, soon after 
their formation at a spreading or eruption centre. The mineralogy and extent of the 
metamorphism depends on the temperature, porosity and permeability of the oceanic basin 
floor. Slow-spreading centres have faults which extend far into the crust, providing access 
for hydrothermal fluids which cause relatively high pressure and temperature 
metamorphism (Mdvel & Cannat 1991). The resulting mineralogy is also affected by the 
dynamics of the fluids within the crust. Zones where water is being drawn into the crust
are characterised by low temperature minerals (<200°C). Discharge or outflow zones are 
characterised by high temperature hydrothermal phases (250-400°C) and sulphide 
mineralisation (Harper et al. 1988; Nehlig & Juteau 1988). Secondary minerals are 
present throughout the crustal sequences, and extend deep into the mantle sequence in 
ophiolites and ocean floors. The temperature of alteration tends to increase downwards 
and is most extensive at the boundary between the extrusive and plutonic sections, both in 
ophiolites (Nicolas & Boudier 1991) and oceanic crusts. ODP Leg 140 drilled through 
the volcanic succession of an oceanic floor and sampled a young (5 Ma) in situ transition 
zone and dyke complex which contained a pervasive greenschist facies alteration of the 
primary mineralogy (Dick et al. 1992). Pervasive alteration of dyke complexes occurs on 
the boundary between open hydrothermal circulation of sea water through fissures in cool 
brittle volcanic succession and ductile convective cooling of the plutonic succession (Dick 
et al. 1992; Nicolas & Boudier 1991). Fast-spreading ridges will tend to have a localised 
boundary and slow-spreading ridges will have a broad irregular alteration zone which 
shifts during the complex magmatic history. The geothermal gradients within these 
boundaries are extremely high (up to 5°C/m) (Nicolas & Boudier 1991) causing rapid 
circulation of hydrothermal fluids and alteration of the dolerites, plagiogranites and 
gabbros. In the layered gabbros and ultramafics alteration is less significant and tends to 
be located along major oceanic faults which penetrate the entire crustal section (Alexander 
& Harper 1992; M^vel & Cannat 1991).
Alteration within the Koh ophiolite
Changes in the alteration mineral assemblages occur at different levels in the ophiolites. 
This, together with the cross-cutting vein relationships, is consistent with sea water 
alteration having been at a higher grade and more extensive than recent burial 
metamorphism during obduction and overthrust events. The generalised sea floor 
alteration stratigraphy described below, and illustrated in Figure 4.1, is largely based on 
the Koh ophiolite, where the geochemical stratigraphy provides an accurate control of 
increasing depth, and river-polished exposures of the volcanic-plutonic transition occur 
along the Koh River (GR 76139 5839 to 76134 5840).
The upper tholeiitic basalts are the least altered igneous rocks within the Koh ophiolite. All 
samples examined contained fresh clinopyroxene and well-preserved igneous textures. 
Plagioclase is either albitised or replaced by fine-grained clay minerals and titanomagnetite 
is not altered to titanite. The glassy groundmass is replaced by magnetite, chlorite and 
quartz. The amygdales are filled with calcite, chlorite and pumpellyite. Many veins occur 
along small faults which show evidence of movement both before and after infilling.
The felsic volcanics at the top of the boninite unit contain fresh clinopyroxene, 
titanomagnetite, embayed quartz crystals and orthopyroxene phenocrysts which have 
altered to chlorite. The groundmass is altered to chlorite, quartz and albite and most of the
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Figure 4.1 Alteration mineral assemblages from the Koh ophiolite showing the 
change in mineralogy with increasing depth and between the different 
units.
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plagioclase phenocrysts are altered to albite or clay minerals. Cross-cutting vein 
relationships indicate that the earliest contained fine-grained albite and quartz in the felsic 
rocks, and chlorite, pumpellyite, prehnite and quartz in the more mafic rocks. These are cut 
by later veins containing calcite, quartz and chlorite. Some of the felsic volcanics were 
probably the focus of a discharge zone for the hydrothermal systems, since the Koutouo 
and Lucien copper-bearing prospects are both hosted within these volcanics. The 
discharge zone extended into the boninites and topmost pillows of the lower tholeiites. 
Mineralisation does not occur within the overlying upper tholeiites, with the exception of a 
minor cross-cutting fault zone along Ouen Ouai. This indicates that mineralisation 
probably occurred close to the surface before the eruption of the upper tholeiites. The 
hydrothermal mineralogy of the mineralisation zone was not studied in detail because of 
the deep weathering to clays and other alteration minerals typical of a tropical climate.
The boninites are extensively altered. Orthopyroxene and olivine are pseudomorphed by 
serpentinite, actinolite and chlorite, however, both clinopyroxene phenocrysts and 
groundmass clinopyroxene microliths are usually unaltered. The original glassy 
groundmass of the boninites is replaced by chlorite, quartz and clay minerals and the 
amygdales are filled with prehnite, quartz, chlorite, actinolite, calcite and serpentinite. The 
boninites contain veins of chlorite, prehnite, pumpellyite, quartz and calcite, but these are 
relatively uncommon when compared with veining in the tholeiitic basalts.
The lower tholeiites are the most altered of the extrusive rocks. In many of the thin 
sections the igneous mineralogy is completely replaced by secondary minerals. In two 
thirds of the samples the clinopyroxenes are totally altered and pseudomorphed by either 
actinolite or chlorite. Many of the titanomagnetite crystals are rimmed by titanite, and the 
plagioclase laths are altered to albite and clay minerals. The amygdales are filled with 
actinolite, chlorite, quartz, calcite and minor prehnite. Three vein formation episodes are 
present in these rocks, with the earliest veins containing epidote, actinolite, chlorite, quartz 
and prehnite. They are crosscut by veins containing chlorite, pumpellyite, calcite and 
quartz without epidote or actinolite. The latest veins contain only quartz and calcite.
The transition between the volcanics and the cumulate gabbro contains a mixture of dykes, 
plagiogranite and irregular dolerite and gabbro intrusions pervasively altered to chlorite, 
hornblende, actinolite, epidote, titanite and clay minerals. The plagiogranites are associated 
with veins, dykes and large patches of epidosite (up to 20 m wide). In many of the rocks 
alteration minerals such as chlorite and actinolite form large alteration patches (up to 10 
mm). Amphiboles occur in practically all the thin sections.
The layered gabbros are less altered than the dolerites, gabbros and plagiogranites. 
Unaltered clinopyroxenes are invariably present, whereas unaltered orthopyroxenes occur 
in only two samples. Plagioclase is altered to very fine-grained mats of worm-like crystals, 
too fine to be identified by their optical properties. These give the plagioclase crystals an
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opaque brown colour in thin section, and an opaque white colour in hand specimen. In a 
few samples the plagioclase crystals are replaced by prehnite. One sample contains a 2 
mm wide alteration zone within a pyroxenite, indicating that hydrothermal fluids affected 
the deepest rocks within the ophiolite. The zone contains actinolite and brown hornblende 
pseudomorphing clinopyroxene and orthopyroxene, as well as chlorite pseudomorphs 
after plagioclase. The fluids within this sample moved along grain boundaries rather than 
through a system of veins, indicating a ductile rather than brittle hydrothermal 
environment. This process appears to be uncommon within the ophiolite, as most samples 
of cumulate gabbro include veins with lower temperature minerals formed within a brittle 
environment containing quartz, actinolite, chlorite, prehnite and epidote.
The secondary mineralogy of the Koh ophiolite indicates that most of the minerals were 
formed while the igneous rocks were still hot, during hydrothermal circulation similar to 
that documented for the majority of ophiolites and sampled from modern ocean floors 
(Stem 1979a; Alt et al. 1986; Stakes et al. 1991). It shows a clear sequence grading from 
prehnite-pumpellyite facies in the uppermost pillow basalts to amphibolite facies in the 
lower pillow basalts, the dyke complex and some of the layered gabbro. This change is 
accompanied by a change in the degree of replacement of the original igneous minerals. 
Unaltered clinopyroxenes are present in all upper tholeiites, the majority of boninites, one 
third of the lower tholeiites, many of transitional rocks and all of the cumulate gabbros. 
The vein mineralogy also reflects this variation. Veins from the upper tholeiites are 
characterised by pumpellyite, quartz, calcite, chlorite and minor epidote. The lower tholeiite 
dolerite and gabbro contain actinolite, prehnite and usually epidote in addition to the vein 
minerals from the upper tholeiite. These changes reflect a hydrothermal temperature 
gradient similar to that documented for other ophiolites (eg. Stem 1979a; Pflumio 1991).
The effect of multiple intrusion
The Koh ophiolite contains more pervasive alteration than would be found in a typical 
oceanic floor (eg. OPD site 504, Dick et al. 1992). This may be related to the multiple 
intrusions within the ophiolite. For example, in the Oman ophiolite multiple magmatic 
events are thought to have caused successive hydrothermal systems and a greater 
recrystallisation of the dyke complex than that of a typical oceanic floor (Pflumio 1991). 
The addition of secondary igneous intrusions is thought to complicate the geothermal 
structure of the ophiolite, creating additional cracks and increasing the heat available to 
drive the hydrothermal circulation. It is possible that the pervasive alteration of the lower 
tholeiites, dolerites and plagiogranites from the Koh ophiolite was partially caused by the 
boninitic and upper tholeiitic magmatic events. The dykes from the upper tholeiites 
generally contain brown hornblende pseudomorphs replacing clinopyroxenes in the 
majority of the thin sections. The presence of this relatively high temperature mineral
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within these rocks at shallow depths suggests that hydrothermal fluids circulated freely 
while the rocks were still hot, possibly as a result of the smaller volume of the intrusions.
The sea floor alteration of the Koh rocks is greater than in many ophiolites and 
hydrothermal fluids penetrated deep within the layered gabbro sequence. This pervasive 
alteration is similar to ophiolites which are inferred to have been formed by slow 
spreading (eg. Alexander & Harper 1992) or to ophiolite with multiple magmatic events 
(eg. Pflumio 1991). Both of these effect may have occurred during the early history of the 
Koh ophiolite and caused the pervasive alteration.
Sea floor metamorphism in other Central Chain ophiolites
Varying degrees of sea floor metamorphism can be identified in all the Central Chain 
ophiolites. In the Pocquereux ophiolite sea floor metamorphism is easily identified 
because the dyke complex contains greenschist facies metamorphism, and the overlying 
pillow basalts contain prehnite-pumpellyite facies metamorphic minerals. In the Sphinx 
and Tarouimba ophiolites the effects of sea floor metamorphism are more difficult to 
establish as high level pillow basalts tend to be only slightly less altered than rocks closer 
to the volcanic-plutonic transition. In the Cantaloupai ophiolite it is almost imposible to 
identify as the Eocene lower-blueschist facies metamorphic mineralogy overprints the 
previous metamorphic assemblages.
A distinctive feature of the sea floor metamorphism of the Koh, Pocquereux, Koua and 
Sphinx ophiolites is that the uppermost pillow basalts (ie those occuring up to 150 m 
below the contact of the sedimentary rocks and the basalts) often have a characteristic 
black colour caused by the glassy groundmass altering to fine black needles of magnetite 
and chlorite (<0.1 mm). This alteration style is only rarely found in rocks originating from 
deep within the extmsive section and may be related to the rapid cooling of shallow rocks.
BURIAL METAMORPHISM
The ophiolites are overlain by approximately 7 to 12 km of volcaniclastic sediments. 
Assuming geothermal gradients typical for old arc-related crust and basins the temperature 
may have reached 360°C (eg. approx 30°C/km for ODP site 839 & 841) (Parson et al. 
1992). These temperatures are sufficiently high to cause transitional prehnite-pumpellyite 
to greenschist facies metamorphic conditions. The clearest evidence of minerals formed 
during this event are the prehnite veins in the bottom of the Central Chain sedimentary 
sequence which are not evident at the top of the sequence.
EARLY CRETACEOUS METAMORPHISM
Examination of the Jurassic sedimentary rocks at the top of the Central Chain 
volcaniclastic sequence in Goipin contain chlorite, and albite. These minerals suggest that
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the metamorphic conditions during the Early Cretaceous episode was in the prehnite- 
pumpellyite facies, similar to that documented by Paris (1981) for these rocks but unlike 
the high P/T metamorphism described by Guerange et al. (1977). No evidence for a pre- 
Late Cretaceous high P/T metamorphic event was observed in the Central Chain terrane, 
although there lawsonite and glaucophane were obserserved in the Boghen terrane. Whole 
rock Ar-Ar and K-Ar dating of Boghen schist indicate that this high P/T metamorphism 
occurred during the Late Jurassic or Early Cretaceous (Blake et al. 1977), however, as this 
event is restricted to the Boghen terrane it must have occurred prior to the juxtaposition of 
the Boghen terrane with the Teremba and Central Chain terrane.
TERTIARY HIGH P/T METAMORPHISM
The intensity and grade of the Tertiary regional metamorphism varies within the different 
sections of the Central Chain terrane. Cretaceous sandstones and cherts above the Koh 
ophiolite indicate that low grade metamorphic conditions were associated with the 
obduction of the New Caledonian ultramafic nappe during the Eocene. The metamorphic 
minerals are restricted to the albitisation of some of the plagioclase crystals. Metamorphic 
conditions were of a much higher grade in the north of the island around the Cantaloupa'i 
ophiolite. The sedimentary rocks there contain a strong foliation with the metamorphic 
minerals albite, chlorite, biotite, white mica, epidote and lawsonite. Mafic igneous rocks 
from the Cantaloupai ophiolite contain a slight but pervasive foliation and the metamorphic 
minerals chlorite, actinolite, titanite, lawsonite and minor blue amphibole characteristic of 
lower-blueschist facies metamorphism (Winkler 1979). These rocks are located on the 
margin of the Tertiary metamorphic complex which includes eclogite facies metamorphic 
rocks (Aitchison et al. 1995).
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CHAPTER 5
GEOCHEMISTRY OF THE CENTRAL CHAIN OPHIOLITES
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The igneous geochemistry of ancient arc-related sequences provides important 
information about the ways in which arc systems develop. The geochemical analysis in 
this thesis uses two different methods to understand the formation of the Central Chain 
ophiolites:
1) Comparison with modem arc systems. This is particularly valuable at present because 
many new studies have recently been completed, transforming ideas about the 
chemistry, tectonics and structure of island arcs, and overcoming previous difficulties 
involved with sampling these systems.
2) Examination of experimental igneous petrological and geochemical data and models. 
This provides insights into the processes of differentiation in the crust and partial 
melting in the mantle.
This chapter describes the geochemistry of the Central Chain ophiolites in terms of 
fractionation history, spreading history, mantle source characteristics, and probable 
tectonic setting.
Alteration and element mobility
Fifty three of the least altered samples were chosen for X-ray fluorescence (XRF) 
analysis in order to investigate chemical evolution and variation throughout the Central 
Chain ophiolites (Tables 5.1 & 5.2). XRF analysis was undertaken at the University of 
New South Wales in Sydney, and the University of Tasmania in Hobart using the 
methods of Norish and Hutton (1969). Rare earth elements (REE) from selected 
samples were analysed by instrumental neutron activation analysis at Becquerel 
Laboratories in Lucas Heights, Sydney.
Thirty three samples were analysed from the Koh ophiolite, two from Koua, six from 
Pocquereux, four from Cantaloupa'i and eight from the Sphinx and Tarouimba 
ophiolites. The Koh ophiolite samples belong to three geochemical series, which 
correspond to the three extrusive suites described in Chapter 2. The samples from the 
remainder of the Central Chain ophiolites can be grouped into a single geochemical 
suite, referred to here as the Central Chain tholeiites. The major element characteristics 
from each unit are illustrated in Figures 5.1 and 5.2, for which Mg# 
(100Mg2+/(Mg2++Fe2+total) was chosen as the abscissa as it provides the clearest 
indication of differentiation trends for the tholeiites.
The compositions of the Central Chain ophiolites have been altered during at least four 
episodes of sea floor and regional metamorphism which were largely confined to the 
greenschist facies (see Chapter 4). The effects of greenschist facies alteration on the 
geochemistry of basaltic rocks have been extensively documented (eg. Humphris & 
Thompson 1978; Coish et al. 1982). These studies and many others suggest that Ti, Zr,
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Figure 5.1 Mg# major and trace element variation diagrams for the Koh ophiolite.
Symbols + -boninites, ♦ -lower tholeiites, * -layered gabbro (related to 
the lower tholeiite) o -upper tholeiites. Data from Cameron (1989) 
included.
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Figure 5.2 Mg# major and trace element variation diagram for the Central Chain 
ophiolites. Symbols: ♦ -Sphinx and Tarouimba,+ -Pocquereux, □ -Koua, 
o -Cantaloupai. Fields from the Koh ophiolite are outlined.
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Nb, Y, A1 and Ni can be considered immobile in most circumstances. Plots of major 
elements against Ti (not shown) suggest that alteration affects Na, Si, Ca, K, Ba, Sr, Rb 
and Mn to such an extent that magmatic trends are obscured. In contrast, Mg, Fe, Al, Cr, 
Ni, V, and P show good trends with significant scatter, and Y and Zr seem to be the 
least mobile; Nb contents are generally close to detection limit, although Nb can be 
expected to behave like Zr during low-grade hydrothermal alteration. Silica has 
probably been removed from the boninites during chlorite-serpentine alteration of 
groundmass glass and orthopyroxene phenocrysts. This may explain the relatively low 
Si content of the less evolved, orthopyroxene-phyric boninites. Calcium has probably 
been removed during albitisation of plagioclase in the tholeiites as the CaO content is 
generally low. Plots of Mg# vs Ti, Y and Zr clearly separate the magmatic suites and, 
unlike the tholeiitic suites which show strong Fe-enrichment, the boninites define a 
trend of strongly increasing SiC>2 and decreasing FeO* with advancing fractionation.
FRACTIONATION HISTORY 
Tholeiites
Differentiation within the upper and lower tholeiites is typical of MORB, with rapidly 
increasing Fe/Mg ratios and high field strength element concentrations (HFSE; Ti, P, 
Zr, Y) with increasing fractionation. Decreasing AI2O3 with fractionation reflects 
plagioclase separation over the crystallisation range sampled. SiC>2 tends to be low (45- 
54%), typical of ocean floor basalts and basaltic andesites.
The three tholeiitic suites have distinctive major element compositions. The two suites 
at Koh have parallel liquid lines of descent, with the upper tholeiites having generally 
lower FeO* for a given MgO, and being more evolved (Mg# 47-34) than the lower 
tholeiites (Mg# 65-46). The tholeiites from the remainder of the Central Chain 
ophiolites are compositionally transitional between the two tholeiite suites at Koh, and 
probably commenced crystallisation at slightly lower Ti02 (2.2% and FeO* (13%) (Fig. 
5.2) than the upper tholeiitic basalts (>2.4% and >14% respectively) (Fig. 5.1).
The two layered gabbros analysed contain only 10.8 and 8.6% MgO (Table 5.1) and are 
a good match with the average crystallisation assemblage deduced from the lower 
tholeiite compositional trends (Fig. 5.1). This indicates that the modal mineralogy of the 
gabbros, containing 50-60% plagioclase and 40-50% clinopyroxene and minor 
orthopyroxene, is a close approximation to the fractionation assemblage which caused 
the liquid lines of descent. More detailed major element modelling was not attempted 
because of the extensive alteration, in particular the remobilisation of Ca, Na and K.
Each of the tholeiite suites spans a relatively small range of composition (differences in 
Mg#< 20), equivalent to the range observed in most MORB and BABB suites
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(AMg#<20) (Stakes et al. 1984; Fryer et al. 1990). This suggests that the suites probably 
formed by magma mixing in a relatively open magma chamber undergoing periodical 
replenishment, similar to those postulated for MORB or BABB (eg. Stakes et al. 1984; 
Sinton & Detrick 1992), and for some ophiolites (Stem 1979b; Nicolas 1989).
Plagiogranites within the Koh ophiolite are generally located in the upper section of the 
extrusive-plutonic transition zone. They are crosscut by lower tholeiite dykes, and 
belong at least in part to the lower tholeiite event. They did not evolve through the same 
processes as the lower tholeiite lavas, as they contain much higher levels of SiC>2, 
indicating that they evolved separately from the main magma chamber without mixing 
with more primitive magmas. The textures of the rocks, discussed in the Chapter 3, 
suggest that some of the crystals formed in the main chamber and were overgrown by 
titanomagnetite quartz and plagioclase. A genetic model based on these textures and the 
intrusive character of the plagiogranites, is that liquids and crystals from the top of the 
magma chamber which developed during filter pressing of cumulates (eg. Karm0y 
ophiolite, Pedersen & Malpas 1984), were injected into the plutonic-extrusive transition 
zone and progressed as closed systems during subsequent fractional crystallisation.
Boninites and felsic volcanics
The Koh boninites differ considerably from the tholeiites. The AI2O3 content is 
significantly lower, increasing until Mg#~60, while FeO* decreases, reflecting the late 
crystallisation of plagioclase in this suite (Fig. 5.1). In the more evolved rocks 
(Mg#<60), AI2O3 decreases rapidly and FeO* remains at 5-6%, reflecting continued 
ferro-magnesian mineral crystallisation together with plagioclase. Si02 also increases, 
accompanied by a rapid decrease in Ni with advancing fractionation, suggesting initial 
crystallisation of olivine down to Mg#~65. The early rapid depletion of Cr confirms that 
chromite is an important early fractionating mineral. Although CaO must be mobile to 
some extent in these rocks during the alteration of the glass, the composition scatter is 
relatively small when compared with the tholeiite suites (Fig. 5.1). This may be because 
a large fraction of CaO in the boninites resides in the unaltered groundmass 
clinopyroxene microphenocrysts, rather than in the (albitised) plagioclase laths, as 
occurs in the tholeiites. CaO in the boninites remains essentially constant with 
increasing differentiation until Mg# ~60; in the more evolved rocks CaO decreases 
rapidly with increasing fractionation, reflecting plagioclase and clinopyroxene 
crystallisation.
The liquid line of descent is compatible with the sequence of mineral crystallisation 
deduced from the phenocryst assemblage. This sequence is characterised by early 
crystallisation of olivine, orthopyroxene, chromite and clinopyroxene, followed by 
crystallisation of plagioclase and clinopyroxene at Mg#<65. The fractionation of quartz
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from the evolved liquids cannot be inferred from the compositional trends, as SiC>2 is 
too mobile in the alteration of these largely glassy rocks.
The differentiation range (48-68% SiC>2, Mg# 78-50) and the chemical zonation of the 
Koh boninites indicates that part of the boninitic sequence is likely to have formed in a 
relatively closed system. The Koh boninitic sequence conforms closely to the 
hypothetical sequence expected from an ephemeral magma chamber in an oceanic 
setting. The sequence outlined by Stakes et al. (1984) involves initial primitive melts 
erupting onto the sea floor, followed by more evolved rocks as the magma chamber 
develops, followed by residual evolved felsic rocks when the system is not replenished.
The phenocryst-rich nature (average 20%) and the moderate Mg# of the 
stratigraphically lowest boninites indicates that the initial primitive magmas are not 
exposed, and may not have escaped the magma chamber. This chamber was probably 
replenished during the extrusion of the boninites as there are no systematic changes in 
the differentiation extent in the lower section of the sequence (Fig. 5.3). Resorption 
textures on some of the orthopyroxene phenocrysts indicate disequilibria between the 
phenocrysts and the magma during changing physical and/or chemical conditions. The 
stratigraphy of the boninitic felsic volcanics records an increase in differentiation 
upwards from plagioclase-phyric andesites at the base to quartz-phyric dacites and 
possibly rhyolitic tuffs at the top (Fig. 5.3). This suggests that replenishment of the 
chamber by boninitic magma stopped or slowed after the eruption of 200 to 300 m of 
boninitic lavas, allowing felsic lavas to develop and erupt.
The boninitic volcanics can be subdivided into three geochemical groups (Fig. 5.4). The 
first (Group 1) contains abundantly orthopyroxene-phyric (20-25 modal %) boninites in 
which the high Cr, Ni and SiC>2 and relatively low AI2O3 is likely to be due to the 
accumulation of early formed phenocrysts of orthopyroxene (with chromite inclusions). 
Addition of varying amounts of these minerals to liquids at different stages of evolution 
explains the lack of correlation between Cr and Ni with MgO.
Group 2 boninites include aphyric samples and cover the main liquid line of descent 
between 16 and 6% MgO. This line of descent contains little scatter in all but the most 
mobile elements, indicating that a large part of the variation was caused by magma 
chamber fractionation processes. Unlike the first group, the development of the second 
group was not controlled by phenocryst accumulation as it includes aphyric boninite 
samples. It was controlled by fractional crystallisation and represents the main liquid 
line of descent between 16 and 6% MgO. This line of descent contains little scatter in 
all but the most mobile elements, indicating that a large part of the variation was caused 
by magma chamber processes.
The third group includes all the evolved samples and one relatively unevolved sample 
(11% MgO). Relative to Groups 1 and 2 these rocks contain twice as much Ti02 as well
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Figure 5.3 Chemical and petrological evolution in the boninitic sequence.
sample
Gp.2
70952
Gp.3
69051
UT
69029
Gp.2 + 15% UT 
calculated
Gp. 3-(15%UT+Gp.2) 
differences
Si02 61.3 56.8 52.3 60.0 -3.1
Ti02 0.1 0.3 1.1 0.3 0.0
A190 , 9.6 13.5 14.7 10.4 3.1
FeO* 6.4 7.4 11.0 7.1 0.3
Mg 7.6 6.6 5.5 7.2 -0.6
CaO 9.3 8.5 7.9 9.1 -0.6
Na20 3.0 4.4 3.2 3.0 1.4
K20 0.0 0.0 0.4 0.1 -0.1
Zr 8.0 13.0 56.0 15.2 -2.2
Y 3.6 5.0 17.0 5.6 -0.6
Mg# 67.4 61.3 46.7 64.3 -3.0
Table 5.3 Results from least squares mixing calculations between an evolved boninite 
(sample no. 6; Group 2) and an upper tholeiite (Sample 69029). The 
calculated mixture is close to the chemistry of Group 3 boninites (eg. 
sample NC9). Abbreviation: UT-upper tholeiite. Rows in italics were not 
used in the calculations.
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Figure 5.4 Comparison of selected major and trace elements for the three types of boninites 
at Koh. Group 1 □- cumulus enriched boninite , Group 2 porphyritic and 
aphyric boninites, Group 3 +- boninitic volcanics possibly mixed with the 
upper tholeiites. Data from Cameron (1989) included.
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as higher Y, Zr, AI2O3 and FeO and lower SiC>2 at a given Mg#, and form a separate 
overlapping liquid line of descent. In general, its geochemical characteristics are offset 
towards the liquid line of descent of the tholeiites. This suggests the Group 3 lavas may 
have been contaminated by liquids derived from a more fertile source, possibly as the 
result of an overlap between the magma generation associated with the beginning of the 
upper tholeiitic event and the end of the boninitic magmatism. This effect is most 
notable for Ti, Zr and Y, probably because these elements are very low in the boninites 
in comparison to the upper tholeiites. Simple least-square mixing models (eg. Wright & 
Doherty 1970) shows that the pattern of enrichment in Group 3 boninites is similar to 
that produced by mixing -15% of the upper tholeiitic liquids with an evolved Group 2 
boninite (Table 5.3).
In summary, the boninites were derived from liquids which evolved in an open system 
magma chamber into which supply of boninitic parental magmas eventually ceased. A 
Final batch of evolving boninitic magma mixed with a volumetrically much smaller, 
newly-arrived batch of upper tholeiite magma, and this hybrid magma fractionated 
further to produce the boninitic felsic volcanics. This implies a relatively sudden 
significant change in the fertility of the magma source between the boninites and the 
upper tholeiites.
SOURCES OF THE MAGMA SUITES
The geochemical characteristics of the three magmatic units of the Koh ophiolite 
suggest that they were derived from separate sources. The lower tholeiites with 7-9% 
MgO show strong LREE depletion (Fig. 5.5) and have significantly lower UO2 (0.55- 
1.25%), Zr (29-64 ppm) and Y (18-31 ppm) contents than N-MORB (Fig. 5.6). Their 
Nb contents are generally below the XRF detection limit (0.5-1 ppm), indicating La/Nb 
values significantly above those of N-MORB; this is reflected in the negative Nb 
anomaly in the MORB-normalised element variation patterns in Figure 5.6. The lower 
tholeiites are significantly more depleted than typical BABB or MORB, and based on 
this, and the negative Nb anomaly, would normally be classified as island arc tholeiites. 
However, some of the more evolved lower tholeiites (5-7% MgO) are significantly 
higher in T i02, (1.13-2.16%) FeO* (10.9-13.8%) and lower in A120 3 (12.8-14.6%) than 
island arc tholeiites (e.g., Ewart et al. 1977; Woodhead 1989) and similar to those 
produced during the early stages of BAB formation and during the development of arc 
rifts (e.g., Hochstaedter et al. 1990a; Hawkins et al. 1990). ODP Leg 135 in the Lau 
Basin drilled basalts more depleted than MORB, with pronounced arc tholeiites 
affinities, (Ewart et al. 1994); these BABB are very similar to the lower tholeiites from 
the Koh ophiolite (Fig. 5.6).
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boninite
pillow
70944
boninite
pillow
70954
L thol 
pillow 
70958
L thol
dyke
70959
L thol 
pillow 
70960
L thol
flow
70938
L thol 
pillow 
70962
U thol 
pillow 
70948
La 0.72 1.16 0.90 0.70 1.25 1.42 3.27 4.04
Ce 1.68 3.09 2.81 2.64 4.51 5.85 10.30 13.50
Nd 1.14 2.23 3.30 2.87 5.81 6.20 11.40 12.60
Sm 0.35 0.73 1.56 1.15 2.51 2.67 4.21 4.33
Eu 0.14 0.31 0.71 0.33 0.97 1.02 1.23 1.66
Tb 0.09 0.23 0.51 0.36 0.60 0.65 1.02 1.00
Ho 0.14 0.36 0.65 0.62 0.92 1.05 1.52 1.54
Yb 0.41 1.07 1.81 1.76 2.61 2.70 3.99 4.24
Lu 0.06 0.17 0.25 0.26 0.38 0.35 0.56 0.62
Table 5.4 Rare earth element (REE) compositions from the Koh ophiolite. Values in 
ppm. Instrumetal neutron activation analysis carried out at Becquerel 
Laboratories, Sydney. Abbreviations: L thol - lower tholeiite, U thol - upper 
tholeiite.
100
upper tholeiites
Lower tho le iite s____
Boninites
Figure 5.5 Rare earth element (REE) patterns from the three volcanic units in the Koh
ophiolite. Data from Cameron (1989) included. Normalisation data from Sun & 
McDonough (1989).
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The boninites require a highly depleted mantle source to account for the very high 
Cr/(Cr+Al) values of chromite, the very low Ti, Zr and Y abundances, and the low 
HREE levels (Table 5.4 and Figs. 5.5 & 5.6). The relatively high CaO content and the 
high CaO/Al2C>3 content, suggest that they are high-Ca boninites (Crawford et al. 1989). 
The slightly U-shaped REE patterns are taken to indicate the addition of a LREE- 
enriched component to a refractory peridotite source before or during boninite genesis 
(Crawford et al. 1981; Cameron et al. 1983).
Wholerock compositions of the upper tholeiites indicate a more fertile source than that 
which yielded the lower tholeiites, although similar in many other respects. As for the 
lower tholeiites, MORB-normalised element distribution patterns of the upper tholeiites 
(Fig. 5.6) show negative Nb anomalies. Furthermore, the REE patterns of the upper 
tholeiites (Fig. 5.5), with peaks at Nd-Sm, are typical of BABB produced during the 
earliest stages of backarc basin opening (Crawford et al. 1986; Hochstaedter et al. 
1990b; Hawkins and Alan 1994). The upper tholeiites have higher £ nc1 values (7.8-8.4 
at 250 Ma) compared with the single primitive lower tholeiite analysed (6.7; Cameron 
1989) and high La/Sm at equivalent TiC>2 contents (Fig. 5.7). Such differences are 
unlikely to be related to fractionation, as they persist across the fractionation range 
within each suite; rather, they are taken to reflect source/primary magma differences.
The tholeiites from the remainder of the Central Chain ophiolites are similar to those 
from Koh but the lack of REE and isotope data makes it difficult to compare the 
sources. However, it is likely that the similarities in the major and trace elements would 
extend to the REE and Nd isotopes.
All the tholeiite suites show strong Fe-enrichment but little tendency to SiC>2 enrichment 
with increasing fractionation, very high Ti/Zr values in their least evolved members 
(140-160), LREE-depletion, and significant negative Nb anomalies. Although the K2O 
abundances of these rocks are unlikely to be primary, they are uniformly low (usually 
less than 0.2%), and this, taken together with the compositional characteristics of the 
eruptive units and dykes discussed above, suggests that they were low-K tholeiites 
erupted in a SSZ setting.
SPREADING HISTORY
The Koh and Central Chain ophiolites probably formed during an episode of extensional 
magmatism in a SSZ environment. The screen of dykes separating the basal tholeiitic 
lavas from the uppermost gabbroic rocks (better developed at Pocquereux and 
Cantaloupai than at Koh), and the occurrence of thick tholeiitic sequences of MORB- or 
BABB-type basalt-ferrobasalt pillows which were produced from open magma 
chambers, indicates that tholeiitic magmatism probably occurred in an extensional 
environment rather than in stratocone-type arc volcanoes.
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F ig u re  5.6 N-M O RB norm alised diagram  for representative sam ples from  the Koh
ophiolite (LLD; low er lim it o f detection for N b). N orm alisation data from Sun 
& M cD onough (1989).
TiQ> (wt %)
F ig u re  5.7 C om parison o f La/Sm  ratios and T i0 2 for the three volcanic units in the Koh
ophiolite. This diagram  show s that the low er tholeiites are m ore depleted in 
LR EE than the upper tholeiites at sim ilar T i0 2 contents. D ata from  C am eron 
(1989) included. Sym bols as for Figure 5.1.
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The three geochemical units from the Koh ophiolites formed during a period of complex 
spreading and extension, with magmatism occurring during two separate events, the 
first forming the lower tholeiites and the second forming the upper tholeiites. No 
exposed intrusive equivalents of the boninites were found; they may have formed either 
at the end of the lower tholeiite extensional event or at the beginning of the upper 
tholeiite event. The time interval separating the two extension episodes was probably 
short, as only small amounts of pelagic or volcaniclastic sediments occur within the 
pillowed sequence, the largest being a lens of chert mixed with a significant tuffaceous 
component <20 m thick between the boninitic felsic volcanics and the upper tholeiites. 
This is only present at a few restricted locations and in many places boninitic pillows 
rest directly on lower tholeiite pillows and the upper tholeiite pillows rest on boninitic 
felsic volcanics. Assuming typical rates of siliceous pelagic sediment accumulation, and 
that no major undetected hiatus exists, the maximum time interval between the eruption 
of the units at Koh would be in the order of 1-2 Ma if the significant tuffaceous and 
hydrothermal component are taken into account.
The clear cross-cutting relationships between the upper tholeiite dykes and the layered 
gabbros indicates that, although they both formed within a short period of time, they 
were formed during two distinct extensional events. The chilled margins on the upper 
tholeiite dykes within the lower tholeiite cumulate sequence (down to 1500 m below the 
lowermost pillow basalts) show that the magma chamber sequence from the lower 
tholeiites had time to cool significantly between the two magmatic events. During the 
time interval between the lower and upper tholeiite events the ophiolite may have 
migrated away from the lower tholeiite extension zone or spreading may have become 
temporarily inactive. These two possibilities have different implications for the 
spreading history of the ophiolite, but are difficult to establish based on the available 
data. In either case, the upper tholeiite extension apparently never developed into a full 
spreading event within the outcrops examined at Koh, as the upper tholeiites comprise 
only 20-30% of the plutonic sequence. The upper tholeiites may have formed on the 
edge of a propagating rift zone, or after a lengthy hiatus of magmatic activity at a 
sporadic spreading centre. The evolved compositions of the lower tholeiites may be the 
result of high cooling rates and low rates of magma supply, similar to the highly 
fractionated basalts from the tip of propagating rifts in the Lau backarc basin (Pearce et 
al. 1994). If the upper tholeiites were generated during off-axis rifting then this occurred 
close to the lower tholeiite spreading axis as only 40 km of new crust would have been 
created during the 1-2 Ma interval assuming similar rate of sea-floor spreading in the 
modem Lau Basin (42 mm/yr. Hawkins 1994).
The eruption of the boninites between these two extensional events does not constrain 
the extension history. The lack of interbedding between the lower tholeiites and the 
boninites implies that they developed after generation of the initial oceanic floor;
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however, the lack of boninitic intrusive rocks in the plutonic sequence suggests that they 
formed before the main phase of extension associated with the upper tholeiite 
intrusions. The lack of boninites in the rest of the Central Chain ophiolites, which 
contain dyke complexes and indicate a single episode of extension, suggests that the 
boninites were generated only in localised areas.
TECTONIC SETTING
The island arc signature of the tholeiites, the boninites and the volcaniclastic sediments 
in the Central Chain terrane indicate that they formed in an arc-related setting. This 
section compares the geochemistry of the ophiolites with that of modern island arcs to 
determine the location at which the ophiolites were generated.
Backarc regions are characterised by oceanic crust formed at spreading ridges oriented 
approximately parallel to the trench. Spreading patterns may be regular, such as in the 
Marianas Trough (Hawkins et al. 1990), or they may consist of propagating, 
overlapping or segmented spreading centres, such as in the North Fiji Basin (Ruellan et 
al. 1994) and the Lau Basin (Hawkins 1994). Chemically the basalts are ocean floor 
tholeiites which lie between arc and MORB end-members (Taylor et al. 1992). The 
initiation of backarc spreading occurs by rifting of the arc during extensional tectonics 
to produce a narrow elongated basin floored by BABB, such as the Sumisu Trough in 
the IBM system (Taylor 1992). Intra-arc regions generally consist of regularly spaced 
stratocone volcanoes (Bloomer et al. 1989) containing basic and felsic volcanics 
varying in chemistry between calc-alkaline and tholeiitic series (Woodhead 1988; Ewart 
et al. 1977). Forearc regions contain volcanic rocks which originated during the early 
history of the island arc systems (Pearce et al. 1992; Taylor 1992; Hawkins 1994). In 
the IBM system the basement of the forearc basin and the outer-arc high contains 
boninitic and tholeiitic basic and felsic volcanics. The forearc of the TK system contains 
tholeiitic basic and felsic rocks associated with sub-aerial volcanoes, and possibly 
underlain by MORB-like oceanic crust (Stern & Bloomer 1992).
Fore-arc, active arc and back-arc environments have specific geochemical signatures. 
Generally boninites and tholeiites in the forearc and the active arc contain much lower 
incompatible element abundances than backarc tholeiites (Taylor et al. 1992). The 
relationship between the incompatible element abundances and the distance from the 
trench cannot be used to infer a tectonic setting for the Koh ophiolite because the 
depleted boninites outcrop within a few metres of more fertile tholeiites. Using an 
interpretation based on the incompatible element abundances of volcanic rocks in 
modem arcs a setting far from the trench for the lower tholeiites, close to the trench for 
the boninites and far from the trench again for the upper tholeiites could be inferred. 
However, this interpretation is not supported by temporal, structural and tectonic data.
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Temporal geochemical variation also exists within the IBM Arc system. Depleted 
boninites and forearc tholeiites tend to be erupted early during the history of the arc, 
while fertile backarc tholeiites are erupted later (Stem & Bloomer 1992; Taylor et al. 
1992). This sequence is not evident in the rocks at Koh, indicating a different 
mechanism for the stratigraphic variation. This suggests that the mechanism causing 
across-arc geochemical variation in the IBM system may be different to that which 
resulted in the development of the Koh ophiolite stratigraphy.
The mechanism which produces geochemical variations across island arcs is a result of 
stratification of the SSZ mantle, depleted at shallow levels and fertile at deeper levels, 
as well as the depth at which slab-derived fluids are released into the SSZ mantle. Close 
to the trench slab-derived fluids are released into shallow depleted mantle and further 
away they are released into deeper, more fertile mantle. These models do not explain the 
Koh ophiolite, suggesting that in situ fluid-induced melting did not control partial 
melting in the Koh ophiolite mantle.
Tectonic setting of the tholeiites
As demonstrated by the previous section the stratigraphy of the Koh ophiolite does not 
conform to the broad chemical trends typical of island arcs. However, when examined 
individually, each of the Koh and Central Chain geochemical units has analogues in 
modern island arcs. This section compares 69 wholerock analyses from the four Koh 
and Central Chain geochemical units to a data set of 670 wholerock and glass analyses 
from different tectonic environments in the IBM and TK modem arc systems (see Fig. 
5.8 for sources).
A feature of the Koh and Central Chain volcanics is the chemical contrast between the 
depleted boninites and the fertile tholeiitic basalts. Figure 5.8 shows that the Koh and 
Central chain volcanics contain a greater range of TiC>2 and MgO than the entire set of 
analyses of the modem arc systems. This variation is unlikely to be due to alteration as 
Ti is relatively immobile, and MgO behaves coherently in relation to other immobile 
incompatible and compatible elements, such as Ni, Zr and Y (Fig. 5.1). Figure 5.8 
highlights the similarity between the Koh and Central Chain tholeiitic basalts to 
tholeiitic basalts from backarc basins. The Koh tholeiites show rapid enrichment of Ti 
with increasing fractionation, typical of ocean floor tholeiites but, unlike N-MORB, this 
trend is offset towards lower Ti and Mg contents (Fig. 5.8). This transition between 
MORB and IAT end members is typical of BABB (Hawkins et al. 1990).
Other similarities between the Central Chain tholeiitic basalts and BABB are illustrated 
in variation diagrams of AI2 O3 and FeO* versus MgO (Fig. 5.9). These confirm the 
transitional nature of the Central Chain tholeiites and BABB between MORB and IAT. 
They also show that the Central Chain tholeiites plot partially outside the range for
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Figure 5.8 Comparison of Ti02  and wt. % MgO for the volcanic rocks from the Koh 
ophiolite and modem island arc systems. Symbols: ♦-lower tholeiite, 
-h-boninites, o-upper tholeiite, a - Central Chain tholeiite. Data from Cameron 
(1989) included. Data for TK arc: Ewart et a l (1977), Ewart & Hawkesworth 
(1987), Lau Basin: Falloon et al. (1992), Ewart et a l (1994), N Tonga: Falloon 
& Crawford (1991). IBM arc: Woodhead (1989), Mariana Trough: Hawkins et 
a l (1990), Sinton & Fryer (1987), IBM forearc boninite: Arculus et al (1992), 
MORB field: Hochstaedter et a l (1990a).
Figure 5.9 Variation diagrams AI2O3, FeO and MgO for the tholeiitic rocks from the Koh 
ophiolite and modern island arc systems. Legend and data as for Figure 5.8.
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BABB, offset slightly towards a MORB trend. Although these differences are small, 
and the scatter of the Koh rocks is significant, the offset is unlikely to result from 
alteration as FeO is enriched while AI2O3 is depleted with respect to backarc tholeiites.
Differences in AI2O3, FeO and Ti02, with respect to MgO, between BABB and MORB 
are well documented (Sinton & Fryer 1987; Hochstaedter et al. 1990a; Falloon et al. 
1992). These differences have been attributed to the higher water content of BABB 
liquids, resulting in the late crystallisation of plagioclase (Sinton & Fryer 1987; Fryer et 
al. 1990; Hochstaedter et al. 1990a). The Koh tholeiites are transitional between MORB 
major element chemistry and most BABB from immature basins, such as the Lau Basin 
and the Marianas Trough. The major element chemistry is similar to MORB-like BABB 
samples recently recovered from the Lau Basin spreading centre (Pearce et al. 1994). 
These MORB-like backarc basalts were erupted more than 400 km from the trench and 
have only slight FeO and Ti02 depletion and AI2O3 enrichment.
A significant feature of BAB tholeiites is that titanomagnetite crystallises earlier as a 
result of the higher Fe^+ content of the magma (Hochstaedter et al. 1990a; Pearce et al. 
1994). This causes the liquid line of descent to turn from Ti02 and FeO enrichment to 
depletion at an earlier stage than in MORB. In the Central Chain and Koh tholeiites the 
inflection occurs between 13-15 % FeO* and 1.9-2.4 % Ti02 (Fig. 5.8). This is lower 
than for MORB and the Lau Basin central spreading centre (17-18 % FeO*, 2.5-4.5% 
Ti02) (Pearce et al. 1994; Hess 1992; Hochstaedter et al. 1990a), but similar to, or 
higher than many of the Lau Basin and Mariana Trough basalts (12-14% FeO*, 1.7- 
2 .1% T i02) (Hawkins & Allan 1994).
The Koh and Central Chain tholeiites have both more primitive and more evolved 
tholeiite compositions than the majority of the Marianas Trough and Lau Basin basalts 
(Fig. 5.8). This could be due to a lower frequency of magma chamber replenishment, 
causing greater fluctuation of the chamber composition, which would allow both more 
evolved and more primitive volcanics to be erupted on the surface. The low Ti could 
also be a result of a depleted mande source.
In terms of trace elements the Koh and Central Chain ophiolites contain relatively low 
Y and Cr contents, closer to I AT than MORB. The majority of the rocks plot outside the 
Marianas Trough basalt field and generally overlap the broad Lau Basin field (Fig. 
5.10). The large spread of the Koh and Central Chain samples, and the lack of Cr 
correlation in the tholeiites with both compatible and incompatible elements, suggests 
that Cr has been modified during alteration. However, Y shows a clear correlation with 
immobile incompatible elements, suggesting that they were close to the original values 
before alteration. The Y content of basaltic rocks has been used to illustrate the extent of 
the magmatic source depletion (Pearce et al. 1984). Figure 5.10 suggests that, although 
the Koh and Central Chain tholeiites have transitional fractionation characteristics
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Figure 5.10 Cr-Y discrimination diagrams (after Pearce 1982 and Pearce et al. 1984) for 
the volcanic rocks from the Koh ophiolites compared to modern island arc 
systems. Symbols and data as for Figure 5.8.
0 20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
Zr (PPm) Zr (ppm)
Figure 5.11 Zr-Ti02 variation diagram for the volcanic rocks from the Koh ophiolite and 
modem island arc systems. Symbols and data as for Figure 5.8.
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between MORB and backarc tholeiites, they also have source characteristics which 
resemble IAT or depleted BABB, such as those from ODP site 839.
The variation diagram of Ti vs Zr in the Koh tholeiites (Fig. 5.11) shows a linear 
relationship, close to the MORB Ti/Zr ratios, with the exception of the evolved upper 
tholeiites which show a low Ti/Zr ratio, indicative of titanomagnetite fractionation. The 
values are generally higher than BABB, confirming the results shown by the Mg vs Ti, 
Fe and A1 diagrams, indicating MORB-like water content and oxygen fugacity for the 
Koh tholeiites. The V content of the lavas is variable, while the Ti/V ratio ranges 
between typical IA volcanics values to those of MORB (Fig. 5.12). Ti/V increases with 
fractionation, showing more compatible behaviour than Ti. The behaviour of V in the 
magmatic processes indicates the presence of reduced vanadium (V3+) and low oxygen 
fugacity, similar to MORB (Shervais 1982), and confirms the low oxygen fugacity 
during crystallisation deduced earlier from the Fe, Ti and A1 contents of the evolved 
lavas. However, the overall V content of the Koh tholeiites is unlike that of MORB. The 
most primitive lavas have Ti/V ratios, as low as island arc tholeiitic and calc-alkalic 
rocks. Fractionation rapidly increases the Ti/V ratios towards MORB-like values for the 
evolved rocks. This distinctive characteristic may indicate the presence of relatively 
high oxygen fugacity during partial melting of the source, producing a low Ti/V ratio in 
the primary and primitive melts, followed by fractionation under low oxygen fugacity. 
This produces a trend with a slope (Ti/V) typical of MORB, but an intercept at V=150- 
200 ppm rather than at the origin (Fig. 5.12). supporting the low Y and the high AI2 O3 
and FeO.
The REE patterns of the Koh tholeiites are similar to those from the Lau Basin basalts 
(Fig. 5.13) The range is large and is comparable to the entire data set from the Lau 
Basin, although greater than that from any individual dredge or drill site. The enriched 
compositions of the Marianas Trough and Marianas Arc basalts make them unsuitable 
for comparison (Fig. 5.13). The depletion of the LREE in the Koh lower tholeiites is 
generally greater than that of typical BABB, MORB and IAT, both in the fractionated 
and primitive rocks (Fig. 5.14), suggesting a high degree of partial melting or previous 
depletion of the source (eg. Ewart & Hawksworth 1987; Ewart et al. 1994). This 
depletion is compatible with the low Y and Ti of the primitive tholeiites and the high 
Ti/V ratios.
The Koh upper tholeiites have REE patterns indistinguishable from those of evolved 
BABB or MORB (Fig. 5.13) which suggests that the source of the upper tholeiites 
differed slightly from that of the lower tholeiites, and that these differences are unlikely 
to have been caused solely by increased fractionation.
The MORB normalised diagrams (Fig. 5.15) show that the subduction component 
within the Koh tholeiites is generally similar or greater than for most BABB. The Nb
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Figure 5.12 Ti-V discrimination diagrams (after Shervais 1982) for the volcanic rocks from 
the Koh ophiolite and modem island arc systems. Symbols and data as for Figure 
5.8.
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Figure 5.13 Chondrite normalised rare earth element (REE) patterns for the tholeiitic rocks 
from the Koh ophiolite and modem island arc systems. Symbols and data as 
for Figure 5.8. Normalisation data from Sun & McDonough (1989).
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Figure 5.14 La/Sm ratios and T i02 for the Koh ophiolite volcanic rocks and those of 
modem island arc systems. Symbols and data as for Figure 5.8. except for 
MORB data from Schilling et al. (1983) and unpublished Hunter Ridge data 
from Dr. A. J. Crawford, University of Tasmania, Australia.
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100
100
LLD
100
Koh lower
Hunter Ridge bonmite
LLD
Koh upper tholeiite
Lau Basin site 834
tholeiite
Hunter Ridge low-Ti tholeiite
Lau Basin site 839
: Koh boninite
Figure 5.15 MORB-normalised trace element patterns for the tholeiitic rocks from the 
Koh ophiolite and modern island arc systems. Data as for Figure 5.8, except 
for unpublished Hunter Ridge data from Dr A.J. Crawford, University of 
Tasmania, Australia.
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negative anomaly, and K and Rb enrichment are pronounced in the lower tholeiites, 
indicative of a depleted IAT-like source, despite having MORB-like major element 
characteristics.
The major element characteristics are different to those of tholeiites and calc-alkaline 
volcanics from the sub-aerial volcanoes of the Marianas Arc, the active TK Arc, the Lau 
Ridge relict arc and the IBM Forearc. The Koh and Central Chain tholeiites have high 
Ti and Fe contents and low A1 contents, resulting from the low water and oxygen 
fugacity which caused delayed titanomagnetite saturation and early plagioclase 
crystallisation compared with that seen in other island arc and forearc tholeiites.
The Koh ophiolites also differ from tholeiites interbedded with boninites from the 
forearc of the IBM Arc, such as at DSDP site 458 in the forearc of the Marianas Arc 
(Meijer et al. 1982; Hickey Vargas 1989) and on the island of Guam (Reagan & Meijer 
1984; Hickey-Vargas & Reagan 1987). These tholeiites tend to be geochemically 
similar to arc tholeiites in terms of their fractionation characteristics but different to the 
Koh tholeiites and to BABB.
The Koh and Central Chain tholeiites are also different to the majority of BABB 
dredged from island arcs. The fractionation characteristics of the tholeiites resembles 
those of N-MORB-type BABB erupted far from the subduction zone (<400km) but their 
source characteristics are depleted and strongly affected by subduction zone influences 
similar to IAT or forearc tholeiites erupted close to the trench (50-250 km). The 
combination of IAT source with MORB-type fractionation histories could be indicative 
of an arc rift sequence. Basin floor basalts formed during initial rifting of the Izu-Bonin 
Arc in the Sumisu Rift have BABB-type chemistry showing that there is little or no 
gradation between IAT and BABB (Taylor 1992). In the Lau Basin transitional IAT- 
BABB rocks may be more common. ODP site 839 contains depleted tholeiites with 
fractionation and source characteristics similar to IAT (Ewart et al. 1994; Hawkins 
1994). Comparison of the geochemistry of the Koh tholeiites with volcanic rocks from 
modem island arcs shows that they are different to those from modern backarc basins, 
but that initial rift volcanic rocks erupted during the formation of backarc basins provide 
the best analogue.
Tectonic setting of the boninites
Boninites occur in the forearc regions of modern island arc systems in the west and 
southwest Pacific. They have been reported from Eocene sections of the IBM Arc 
system, (Shiraki et al. 1978; Meijer et al. 1982; Sharaskin et al. 1983; Reagan & Meijer 
1984; Crawford et al. 1986; Umino 1986; Bloomer & Hawkins 1987; Hickey-Vargas & 
Reagan 1987; Hickey-Vargas 1989; Arculus et al. 1992; Pearce et al. 1992), from the 
northern termination of the Tonga Trench (Falloon et al. 1987; Falloon & Crawford
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1991; Sobolev & Danyushevsky 1994), and from the Hunter Ridge between Fiji and 
southernmost Vanuatu (Monzier et al. 1994; Sigurdsson et al. 1993). A feature common 
to each of these locations is their proximity to the trench (<150 km).
The Koh ophiolite boninites are similar to high-Ca boninites from north Tonga (Falloon 
& Crawford 1991) and IBM ODP site 786B (Pearce et al. 1992) in their SiC>2, CaO, 
FeO and MgO content, but they are lower in AI2O3, Ti and Zr (Figs. 5.16, 5.17). Cr and 
Ni are generally high although this enrichment is restricted to Group 1 boninites and is 
probably the result of phenocryst accumulation.
The low AI2O3 in comparison with western Pacific boninite suites may be due to a low 
water content, causing early plagioclase fractionation in the upper and lower tholeiitic 
basalts. This possibility is supported by the inflection of the AI2O3 liquid line of descent 
at higher MgO and lower AI2O3 than in the Marianas ODP site 786B. CaO also shows 
this inflection, confirming earlier plagioclase fractionation. Mixing with the lower 
tholeiite magma, as discussed in the previous section, played an uncertain role in these 
fractionation trends, and it is difficult to evaluate due to the lack of experimental data.
The Al and Zr values are enriched in many boninite suites (Crawford et al. 1989; Pearce 
et al. 1992), however, there is no evidence for Al or Zr enrichment in the Koh boninites. 
Al is low, Ca/Al ratios are high and Zr/Ti ratios are similar to those from the upper 
tholeiites and MORB (Fig. 5.16, 5.17). The Zr and Al-bearing source enrichment may 
be missing or present only in small quantities, which are not detectable in the altered 
Koh boninites. The slightly U-shaped REE patterns (Fig. 5.5), the high La/Sm ratios 
(Fig. 5.14) and the Nd isotope ratios (Cameron 1989) show that a LREE enriched low 
£ Nd component is probably present in the Koh boninites. The origin of these 
components is uncertain. Recent authors favour fluids (eg. Cameron et al. 1983), melts 
derived from the slab (eg. Pearce et al. 1992) or OIB-type components derived from the 
mantle (eg. Kostopoulos & Murton 1992).
The TiC>2 contents of the Koh boninites are similar to those of low-Ca boninites from 
the Bonin islands (Taylor et al. 1994) but lower than most high and low-Ca boninite 
suites (Fig. 5.16). Low TiC>2 usually reflects depletion of the source (Cameron et al. 
1983; Crawford et al. 1989) however, other depletion indicators such as CaO/A^CU 
ratios (Fig. 5.16) and chromite Cr# (Fig. 3.6) show that the Koh boninites are derived 
from a relatively fertile source compared with other high-Ca boninites. It is possible that 
the low Ti02 and possibly Zr, reflects a higher than normal retention of these elements 
within the depleted mantle during partial melting or fractionation of hydrous phases 
such as amphibole in the magma chamber. Ti and Zr are much more compatible with 
amphibole than pyroxenes or olivine (Pearce & Norry 1979; Pearce et al. 1992).
The chemical characteristics of the Koh boninites are generally similar to those of high- 
Ca boninites from modern Pacific island arc systems, although they differ in several
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Figure 5.16 Comparison of wt. % CaO and wt. % A120 3 for boninitic volcanics from the
Koh ophiolite and modern arc systems. Data from Falloon & Crawford (1991), 
Arculus et al. (1992), Dr. A.J. Crawford (unpublished).
Figure 5.17 Comparison of Zr and wt. % T i02 for boninitic volcanics from Koh and modern 
arc systems. Symbols and data as for Figure 5.16.
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major and trace elements. These differences, as well as close association with the fertile 
Koh tholeiites, suggest that the tectonic setting of the Koh ophiolite cannot be fully 
investigated through direct comparison with interbedded boninites and tholeiites from 
modem arc systems. The tholeiites interbedded with the boninites at Koh are similar to 
basalts erupted 400 km from the trench in the TK system. It is possible that examination 
of the IBM and TK fore-arc basalts has not yet revealed fertile tholeiites similar to those 
from Koh, or simply that the boninites formed in a different tectonic setting. The recent 
drilling of refractory tholeiites with boninitic characteristics in the Lau Basin (Ewart et 
al. 1994; Hawkins 1994) and boninites reported from dredge samples collected in the 
central (Sunkel 1990 in Falloon et al. 1992) and northern (Hawkins 1976; Hawkins & 
Melchior 1985; Falloon et al. 1992) sections of the Lau Basin suggests that boninites 
might form in the backarc far from the trench during off-axis magmatism and spreading 
ridge propagation into arc and backarc crust (Falloon et al. 1992).
Similarly, high-Ca boninites have been recorded from the Hunter Ridge, where the 
proto-arc is being transected by a propagating ridge tip associated with the southernmost 
spreading centre in the North Fiji Basin (Sigurdsson et al. 1993; Crawford et al. unpubl. 
data; Monzier et al. 1994). The boninites at the latter locality occur in close association 
with both low-Ti tholeiitic basalts and more fertile BABB associated with the 
propagating ridge tip, although the stratigraphic sequence remains unknown. 
Furthermore, the Hunter Ridge boninites show no positive Zr anomalies, have slightly 
lower Si02 at MgO>8% than typical high-Ca boninites (e.g. from North Tonga forearc), 
and are compositionally close to the Koh boninites (Fig. 5.7, 5.15, 5.16 & 5.17).
The close spatial and temporal association of the Koh ophiolite high-Ca boninites with 
the upper and lower tholeiites, the similarity of the Koh upper tholeiites to basalts 
erupted in immature or propagating BAB, plus the similarities noted above between the 
magma suites erupted in the Lau Basin and Hunter Ridge where BAB spreading ridges 
are transecting pre-existing proto-arc or BAB-type crust, all suggest that the Koh 
boninites were erupted in a SSZ setting where a BAB spreading ridge was propagating 
into older proto-arc or young BAB-type crust. The absence of boninites in other Central 
Chain ophiolites probably reflects their derivation from segments of BAB crust that 
were unaffected by later ridge propagation.
BONINITE MODELS
Major and trace element compositional features in boninites suggest derivation via 
partial melting of refractory, clinopyroxene-poor peridotite at less than 60 km depth in 
the upper mantle (Crawford et al. 1989; Umino & Kushiro 1989; Van der Laan et al. 
1989). Hydrous fluids, and possibly small amounts of melts, probably derived from the 
down-going slab and sediments, lower the solidus of the refractory mantle source at
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these shallow levels and are responsible for the enrichment of the source peridotites in 
LILE, LREE, Zr and radiogenic Nd and Pb (Crawford et al. 1989; Pearce et al. 1992).
The involvement of these slab-derived fluids and/or melts constrains the boninite source 
to the SSZ mantle. Partial melting of refractory peridotites at shallow depths requires 
abnormally high temperatures in contrast to the low geothermal gradients thought to 
exist in the shallow wedge (<50km) of the forearc, resulting from the cooling effect of 
the slab (Crawford et al. 1981). Therefore, tectonic situations which produce 
exceptionally high forearc thermal gradients are favoured for boninite generation. These 
conditions may occur during the following events and processes:
(1) Interaction between ascending BABB-source diapirs and the hydrous forearc mantle 
wedge (Crawford et al. 1981);
(2) subduction of young oceanic lithosphere beneath an active spreading centre (Meijer 
1980; Pearce et al. 1992);
(3) during subduction of an active mid-ocean ridge beneath an intra-oceanic arc 
(Crawford et al. 1989); or
(4) during initiation of subduction along transform faults (Meijer et al. 1982; Tatsumi 
and Maruyama 1989; Pearce et al. 1992; Stern & Bloomer 1992).
Another feature of boninite sequences in both ophiolites and modern arcs, is that 
variation is not only caused by fractionation in a magma chamber but by differences, 
over a short period of time, in the nature of parental magmas and their mantle sources. 
Where present in ophiolites, boninites are always accompanied by less refractory 
tholeiitic volcanics. This association also occurs in several modern island arc sequences. 
Boninites are interbedded with tholeiites on the island of Guam (Reagan and Meijer 
1984; Hickey-Vargas and Reagan 1987), at DSDP Site 448 in the Marianas forearc 
(Meijer et al. 1982; Hickey-Vargas 1989) and in many forearc and arc trench dredge 
samples from the west and southwest Pacific (Sharaskin et al. 1983; Bloomer and 
Hawkins 1987; Falloon and Crawford 1991; Sigurdsson et al. 1993). Boninites not 
directly associated with tholeiites occur at ODP Site 786 (Pearce et al. 1992; Arculus et 
al. 1992), although tholeiites do occur on the same outer arc ridge about 100 km further 
south.
The main variation within boninite-bearing sequences is the extent of depletion of the 
peridotite source. IATs are derived from partial melting of a lherzolite source, high-Ca 
boninites from clinopyroxene-poor lherzolite, and low-Ca boninites from harzburgite 
(Crawford et al. 1989). The geochemical sequences in ophiolites and modem island arcs 
show considerable stratigraphic variation, which makes it difficult to develop a single 
model explaining the occurrence of boninites and tholeiites. This has resulted in a 
number of different models being formulated for each stratigraphic succession. Boninite 
generation models have been reviewed in detail by Beccaluva and Serri (1988),
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Crawford et al. (1989) and Pearce et al. (1992) and are outlined briefly here in order to 
establish whether they are applicable to the geochemical stratigraphy of the Koh 
ophiolite.
Boninite models can be placed into two groups. The first group includes those based on 
the IBM Arc, and postulate that boninites develop during the initiation of island arc 
systems. The second group is based on the geochemical stratigraphy of boninite-bearing 
sequences and southwest Pacific dredge hauls. These models postulate that boninites are 
formed when the temperature of the depleted mantle wedge is abnormally high 
(>1100°C).
Boninitic volcanism is the earliest type of volcanic activity recorded in the IBM Arc. 
This led to the development of models which associate boninite generation with the 
initiation of island arc magmatism, before the descending slab cools the mantle wedge 
(Cameron et al. 1979; Meijer 1980). Boninitic volcanism occurred during the Eocene 
and Oligocene in a zone several thousand kilometres long and 300 km wide (Taylor et 
al. 1992; Stem & Bloomer 1992). The initiation of the arc is thought to have occurred at 
an oceanic transform between young and old oceanic plates (Hawkins et al. 1984; Stern 
and Bloomer 1992) due to a major change in the spreading direction of the Pacific plate. 
In this model the edge of the old plate subsides, causing mantle upwelling and rapid 
extension at the edge of the young upper plate. Boninites are generated by hydrous 
partial melting of this hot mantle wedge and should erupt during arc initiation (Hawkins 
et al. 1984). As subduction continues, the hydrous melting of the mantle moves 
downwards, further from the trench, into increasingly fertile mantle material. A 
variation of this model proposes that subduction begins along a transform off-setting 
two ridge segments (Casey and Dewey 1984; Pearce et al. 1992). This involves 
subduction beneath an active spreading centre which accounts for very high 
temperatures in the forearc of the new island arc because subduction of a young oceanic 
plate occurs beneath another young oceanic plate.
Not all boninites are thought to be associated with early island arc volcanism. Boninites 
have been recovered from the southwest Pacific at the northern termination of the 
Tonga-Kermadec system (Sharaskin et al. 1983; Falloon and Crawford 1991; Falloon et 
al. 1992) and from the southern termination of the New Hebrides Arc (Monzier et al. 
1994; Sigurdsson et al. 1993) along the Hunter Ridge where backarc spreading abuts the 
recently active subduction zone of the North Fiji Basin. For the north Tonga Ridge, 
Falloon and Crawford (1991) propose that propagation of an arm of the north Lau Basin 
backarc spreading centre into the damp mantle wedge caused high-Ca boninitic 
volcanism. This model is similar to those developed for the boninites at Betts Cove 
(Coish 1989), Victoria (Crawford et al. 1981), DSDP 458 (Hickey-Vargas 1989) and in 
the Lau backarc basin (Falloon et al. 1992) which postulate that boninites are erupted
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when rising fertile mantle diapirs provide heat to a fluid-enriched refractory mantle, 
causing shallow melting and boninite production. Crawford et al. (1989) argue that 
similar processes would occur during the subduction of an active mid-ocean ridge. The 
subduction of very young oceanic material causes high temperatures in the mantle 
wedge, and continued extension of the ridge during subduction transmits extensional 
stresses into the fore-arc, causing fertile MORB-type melts to be erupted with the 
boninites.
Application of either of these models to the Koh ophiolite is difficult as the Koh 
tholeiites are more fertile than most of those which accompany boninites in modern 
island arcs. The Koh boninites overlie backarc oceanic crust, not island arc volcanics. 
The BABB-like nature of the tholeiites suggests that a backarc basin was present, but 
such features are thought to begin forming well after development of the arc (Taylor 
1992). The boninite sequences which formed at the initiation of the IBM arc system (eg 
Pearce et al. 1992) are much more extensive than those at Koh. All the samples of rocks 
from the early history of the IBM and TK systems are much more depleted than the Koh 
tholeiites, which suggests that the Koh boninites did not form during this initial period. 
Our knowledge of the early history of modem island arc is limited as most of the rocks 
formed shortly after the initiation are now buried deep beneath more recent sediments. 
If similar rocks to the Koh tholeiites formed during the initiation of the island arc, then 
they have not yet been sampled and the geochemical comparisons presented here may 
be invalid. However, using the available data, the chemistry of the Koh sequence 
suggests that the boninites formed in a backarc or arc-rift setting. Models for the 
generation of the boninites and tholeiites adapted from those outlined above, in order to 
fit observed phenomena at Koh, are discussed in the following section.
EVOLUTION OF THE KOH OPHIOLITE
The geochemical stratigraphy of the Koh ophiolite is unusual, as it involves fertile 
MORB-like tholeiites both preceding and postdating the boninites. The mixture of 
fertile and depleted volcanics was formed either in a forearc, in which case the tholeiites 
are unusually fertile for the tectonic position, in a backarc, or in an arc rift, in which 
case the boninites are unusually depleted. The presence of similar tholeiites in the 
remaining Central Chain ophiolite, and the relatively localised presence of boninites 
supports a backarc setting. Backarc basins generally have high heat flow (Watanabe et 
al. 1977; Hawkins 1994) satisfying the high thermal requirements for boninitic 
volcanism. However, the necessary hydrous conditions and the presence of an LREE 
enriched low En<i component are more likely to occur close to the trench based on the 
distribution of depleted volcanics in modem arcs. The relative weakness of the LREE, 
Zr and Al enrichment and the possibility of lower water contents in the Koh boninites 
suggest that the boninites may have erupted in the backarc.
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So far comparison of the chemical and extensional history of the Koh ophiolite with that 
of modern island arcs has established that both the Koh and Central Chain ophiolites 
were probably created by a process similar to sea floor spreading during two separate 
extensional phases. The first of these was associated with the lower tholeiites and the 
second with the upper tholeiites. The boninites were probably erupted at the initiation of 
the upper tholeiite extensional event. These features, together with the geochemical 
characteristics of the boninites and tholeiites, suggest that the boninites were formed 
either during the initial rifting of young backarc crust (<2 Ma) at a propagating 
spreading centre, or during the initial stage of reactivation of a backarc spreading centre. 
Boninites have been found in this tectonic setting from dredge samples in small 
propagating rifts and associated with off-axis magmatism in the Lau Basin (Falloon et 
al. 1992). Although the extent and chemistries of these samples are not well 
constrained, they suggest that refractory lavas can be generated far from the trench in 
backarc settings.
This framework shows that the models discussed in the previous section need 
substantial modification before they can be applied to the Koh sequence. The model 
which corresponds most closely to the situation at Koh is that outlined by Crawford et 
al. (1981), Coish (1989), Crawford et al. (1989), Hickey-Vargas (1989) and Falloon et 
al. (1992) for the generation of boninites during the rifting of arc lithosphere and the 
initiation of backarc basins. An even closer analogy may be provided by the site of the 
intersection of the Hunter Ridge proto-arc by the propagating southern tip of the North 
Fiji Basin spreading centre (Crawford et al in prep). The main difference between this 
model and that suggested by the Koh stratigraphy is the young age of the rifted 
lithosphere, which implies a high temperature depleted mantle and a greater chance of 
boninite production. However, it would also lessen the amount of time available for 
SSZ fluids from the slab to accumulate in the depleted mantle, reducing the chance of 
boninite production. Duncan and Green (1987) suggest that second stage melting of 
depleted mantle occurs in MOR environments in the absence of SSZ fluids, indicating 
that melting may proceed from adiabatic decompression with little assistance from 
water.
The chemistry of the dominant rock types in the Central Chain ophiolites and the Koh 
lower tholeiites suggests they were formed in an extensional environment similar to 
ocean floor spreading. Current research on the geometry of MOR spreading centres 
indicates adiabatic decompression of fertile mantle causes 10-15% melting from 20-80 
km below the ridge (Turcotte & Phipps Morgan 1992). The majority of models have an 
idealised 60 km melting column with incremental melting and melt extraction occurring 
over a broad triangular area (Langmuir et al. 1992; Turcotte & Phipps Morgan 1992). 
Although some aspects of MOR spreading centres may differ from SSZ extension 
environments these models provide a framework for the generation of oceanic crust
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during extension. Many of the details were obtained from mantle flow structures from 
SSZ ophiolites and are therefore applicable to SSZ spreading. Adiabatic upwelling can 
be applied in extensional arc environments such as backarc basins, arc rifts (Davies 
1994) and possibly during forearc extension (Pearce et al. 1992).
The Koh boninites and upper tholeiites were probably formed when mantle upwelling 
was initiated in the residual mantle close to the lower tholeiite spreading zone or at the 
same site during reactivation. What happens during the initiation of adiabatic upwelling 
in depleted mantle has not been fully investigated. Pearce et al. (1992) suggest that this 
contributed to the generation of ODP leg 125 boninites, with first melts producing low- 
Ca boninites from pooled fractions from the most shallow, depleted mantle, and late 
stage high-Ca boninites from deeper, more fertile mantle. This sequence has many 
similarities to the upper section of the Koh ophiolite sequence although there is a large 
compositional gap between the boninites and the upper tholeiites.
The partial melting which occurs during adiabatic decompression of depleted mantle 
depends largely on how far below solidus the mantle is in terms of temperature, 
pressure and water content. Both depleted mantle residuum at the initiation of 
subduction in young oceanic crust, such as that outlined by Pearce et al. (1992) for ODP 
Leg 125 boninites, and the residuum from the lower tholeiites at Koh would be close to 
their respective solidus as they form within a short time after the production of oceanic 
crust. The main difference between these two settings is that slab-derived fluids play a 
greater role in the Leg 125 boninites as a result of proximity to the trench.
The model proposed here to explain the geochemical stratigraphy of the Koh ophiolite 
involves the production of boninites during upwelling of depleted mantle at the 
initiation of rifting in young oceanic lithosphere in response to the invasion by a 
propagating BAB rift-tip (Fig. 5.18). The model assumes that a hot residuum of 
depleted mantle underlies the recently formed lower tholeiite lithosphere. Mantle 
upwelling during rifting will cause depleted mantle residuum from the lower tholeiitic 
spreading to rise and partially melt. The production of these melts will be strongly 
controlled by how far these rocks are below solidus in terms of pressure, the structure of 
the mantle and by the driving mechanism of mantle upwelling. In depleted mantle 
which has had little time to cool, such as the residuum from the lower tholeiite - 
producing melting event, partial melting may resume soon after the initiation of 
upwelling. Subsequent melts are drawn from increasingly fertile MORB-source 
asthenospheric mantle beneath the region. The order of surface eruption of depleted and 
fertile melts depends on two main factors. The first of these are the forces which drive 
the rifting and the mantle upwelling. If the flow is simplified to a single column rising at 
an uniform rate (Fig. 5.19), melting should begin in the fertile mantle and proceed 
towards the more depleted mantle, but in the case of plate driven mantle flow (driven
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lower tholeiite 
spreading
shallow depleted magmatism 
possibly associated with plate 
driven mantle upwelling
lower tholeiite 
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partial melting of fertile 
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Figure 5.18 Schematic mantle melting model for the formation of depleted melts during 
rifting of young oceanic crust, based loosely on the models of Langmuir et 
al. (1992), Pearce et al. (1992) and Turcotte & Phipps Morgan (1992). 
Depleted mantle (harzburgite) is represented by a dark shading, fertile 
mantle (lherzolite) is represented by a light shading. Zone of partial melting 
is represented by solid lines in the mantle, and mantle flow is represented by 
arrows.
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Figure 5.19 Pressure-temperature diagram showing the adiabatic melting paths for the 
model outlined in Figure 5.18. The dashed line represents the melting path 
of mantle at the lower tholeiite spreading axis. The horizontal lines 
represent evolution of the mantle during the interval between the lower 
tholeiite and the boninites. The solid arrows show the path after spreading 
begins again, producing depleted liquids. Modified from the models of 
Langmuir et al. (1992), Pearce et al. (1992) and Turcotte & Phipps Morgan 
(1992).
102
from above) the depleted mantle will rise faster and probably melt sooner than the 
fertile mantle (based on the results of MOR models Turcotte & Phipps Morgan 1992). 
The second factor is the efficiency of melt extraction. Efficient melt extraction will tend 
to cause mixing of the fertile and depleted melts while slow melt extraction will tend to 
retard the deeper fertile melts and cause the shallower refractory melts to be erupted 
first.
A third factor which may also affect melting in the depleted mantle is the presence of 
subduction derived fluids. The presence of a LREE-enriched subduction fluid 
component in the boninites would account for the slight U-shaped REE patterns and 
may lower the solidus of the depleted mantle. Whether this component affects the upper 
tholeiites is difficult to determine, as the high LREE content of the upper tholeiites 
would hide an enrichment of similar magnitude to that of the boninites. Degassing of 
the upper tholeiitic melts is unlikely to enrich the depleted mantle with fluids such as 
water, which are highly soluble in silicate melts (10-20%) at high pressures (Morse 
1980; Hess 1992), and are unlikely to reach saturation point within the mantle. 
However, these fluids are not a vital part of the model outlined above as the melting is 
predominantly induced by adiabatic decompression.
The physical mantle processes for the production of depleted magma which are outlined 
above could occur at any spreading centre within an island arc or MOR. It is possible 
that some of the refractory melts thought to occur at MOR (eg. Duncan & Green 1987) 
develop during similar processes. However, the characteristic enrichments of LILE and 
LREE in boninites are more likely to occur in island arc environments. Boninites have 
not been widely reported from backarc basins, possibly because the necessary tectonic 
configuration is rare and the boninites are erupted during a short period of time during 
propagation of the rift. In modem environments they may also be buried beneath 
tholeiitic basalts making them difficult to sample.
The prerequisite condition for boninite genesis, if the model proposed above is correct, 
is that the second episode of extension must occur soon enough after the main spreading 
event for the depleted mantle to cool slightly, ensuring the boninitic liquids are not 
mixed into the magma chamber. This model requires larger mantle flow at shallow 
levels than at deeper levels, such as that produced by pure plate driven mantle flow. It 
also requires fast extraction so that the depleted mantle does not mix with the fertile 
mantle. These conditions may be achieved for very short periods of time in unusual 
plate tectonic situations. During ongoing spreading, such as that outlined in the models 
of McKenzie and Bickle (1988), the depleted mantle melts will always be 
reincorporated with the fertile mantle to produce a mixture of deep fertile and shallow 
depleted composition. These special conditions are restricted to the beginning of 
reactivation of mantle upwelling. At Koh the boninite production event probably
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occurred on the edge of the rift zone, where it propagated into the lower tholeiite crust. 
The extension recorded within the ophiolite was small (20 to 30%) and new sea floor 
was not created. If the upper tholeiitic event later developed into a full-scale spreading 
centre this occurred at a position not presently outcropping within the Koh ophiolite. 
The presence of a single extension event in the rest of the Central Chain ophiolite shows 
that the conditions which formed the Koh upper tholeiites and boninites were restricted 
in time and space. Further spreading during the upper tholeiite event would cause the 
formation of new ocean floor, possibly indistinguishable from either the lower or 
Central Chain tholeiites.
The model does not constrain the tectonic setting of the Koh ophiolite in terms of its 
spatial position within the arc, or its temporal position in the history of the arc. It does 
suggest that the boninitic rocks are depleted rocks formed in unusual circumstances and 
that the tholeiites at Koh and the Central Chain represent the dominant magmatism on 
the floor of the arc-related basin. The boninites were probably erupted further from the 
trench than similar rocks in modern arc settings, although the tholeiites may provide 
valid geochemical comparisons with modern arc systems. The chemistry of the 
tholeiites is similar to BABB erupted 300-400 km from the trench in terms of their 
fractionation characteristics (eg. high Ti02, FeO and low AI2O3 in evolved rocks) but 
they have a slightly more depleted source (low TiC>2, Y, high Mg#, strong LREE 
depletion in the primitive rocks). Recent work in the Lau Basin has shown that backarc 
basins can have varying depletion of their source (Hawkins 1994) and fractionation 
characteristics (Pearce et al. 1994).
Backarc spreading centres occasionally cross the arc and propagate into the forearc 
regions. Examples include; the northern Tonga Ridge (Falloon & Crawford 1991), the 
Hunter Zone (Sigurdsson et al. 1993) and at the intersection of the Yap and Marianas 
trenches (Crawford et al. 1986). Dredge samples from these areas have all reported the 
occurrence of depleted volcanism showing that refractory volcanism is more likely 
when spreading occurs close to the arc. The coarse calc-alkaline arc-derived sediments 
overlying the ophiolite (discussed in detail in Chapter 6) indicate that it was located 
along distributary systems associated with the errosion of arc volcanoes during the long 
sedimentary history of the basins.
The possibility that the Koh boninites were produced during the initiation of the island 
arc cannot be eliminated due to uncertainty regarding mantle flow patterns, slab 
dehydration and crustal extension occurring during initiation. However, the sequences at 
Koh and the chemistry of the tholeiites and boninites are different from Eocene samples 
from the IBM and TK systems. The presence of tholeiitic oceanic crust indicates that 
the Koh boninites were not the first rocks produced during the rifting of the arc 
construct, although it is probable that they formed soon after rifting in the backarc basin.
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It is also possible that they formed in the forearc during subduction of a MOR, as this 
would explain the fertile magmatism occurring at the same time as the depleted rocks, 
but it is difficult to account for the dominance of the fertile BABB magmatism in the 
rest of the Central Chain ophiolites.
IMPLICATIONS FOR OTHER OPHIOLITES
Boninites and boninitic rocks are well known in Mesozoic and Tertiary ophiolites such 
as Troodos, Cyprus (Cameron 1985; Kostopoulos & Murton 1992); Pindos, Greece 
(Jones & Robertson 1991); Cape Vogel, Papua New Guinea (Walker & Cameron 1983), 
and Zambales, Philippines (Hawkins & Evans 1983). They are also present in Lower 
Palaeozoic ophiolites, such as Betts Cove, Newfoundland (Coish 1989); Thetford 
Mines, Appalachians (Coish 1989; Laurent & Hébert 1989); Karmpy, Norway 
(Pedersen et al. 1990); Ballantrae, Scotland (Smellie & Stone 1992); Khan-Taishir, 
Mongolia (Zonenshain & Kuzmin 1978); Victoria and Tasmania, Australia (Crawford 
& Cameron 1985; Crawford & Keays 1987; Brown & Jenner 1989).
In all these ophiolites, boninites are accompanied by tholeiitic volcanics issued from a 
less refractory source. The length of time between the generation of the tholeiites and 
boninites is short, as deposition of thick pelagic or clastic sedimentary sequences rarely 
separates tholeiites from the boninites. This suggests a genetic link between the 
tholeiites and the generation of boninites (eg Meijer 1980). In some of these ophiolites 
(eg. Troodos, Khan-Taishir, Tasmania) the tholeiites have depleted incompatible 
element contents, however in many others the boninites are associated with MORB or 
BABB type tholeiites (eg. Victoria, Thetford Mines, Karmpy, Betts Cove, Zambales, 
Pindos), similar to those from Koh. As this association has no well-studied equivalent in 
modern island arcs it presents one of the main difficulties in determining tectonic 
setting. Similar models to that proposed for Koh may apply to other ophiolites but 
careful investigation of the stratigraphy, spreading history and chemistry is required. In 
particular, it is critical to note the nature and location (before, or after boninites) of 
tholeiites associated with boninitic magmatism, and also whether any relation exists 
between the nature of boninites (high-Ca versus low-Ca) and the nature of the 
associated tholeiites.
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CHAPTER 6
PERMIAN TO JURASSIC ARC 
RELATED SEDIMENTARY 
SEQUENCES
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INTRODUCTION
The sedimentary petrology and geochemistry of the Central Chain terrane provide 
information about the history of the active arc located close to the Central Chain ophiolite 
during the Triassic and Jurassic. Neodymium isotope geochemistry and sandstone 
petrology provide an indication of whether recycled material contaminated the arc-related 
basin. The characteristics of the Central Chain sedimentary sequence will also enable 
petrological, geochemical, stratigraphic and sedimentary facies comparison with the 
Teremba terrane and other similar or temporally equivalent arc-related terranes in both 
Australia and New Zealand.
Many earlier studies have described differences between the Late Paleozoic to Late 
Jurassic arc-related terranes in New Caledonia (Paris 1981; Chalinor & Grant-Mackie 
1989; Sporli & Ballance 1989; Aitchison et al. 1995); however, there has been no 
quantification of these differences. This chapter, in addition to addressing the evolution of 
the Central Chain arc-related basin, presents preliminary comparisons of the petrology, 
geochemistry and stratigraphy of the Central Chain and Tdremba terranes.
The Central Chain sedimentary sequence contains predominantly Triassic and Jurassic 
volcaniclastic conglomerates, sandstone and siltstone, outcropping over an area of at least 
3300 km2 (Fig. 1.3). The base of the sequence consists of siliceous siltstone and 
mudstone overlying the ophiolites which were discussed in detail in the previous chapters. 
The upper section of the sequence consists of Jurassic siltstone and sandstone.
The Tdremba terrane includes well-exposed coastal outcrops of fossiliferous volcaniclastic 
conglomerate, sandstone and siltstone covering an area of at least 350 km2 along the 
south-west coast of the island (Fig. 1.3). The base of the sedimentary sequence consists of 
volcaniclastic siltstone and sandstone overlying calc-alkaline arc volcanics (Campbell et al. 
1985), and the upper part of the succession includes Jurassic volcaniclastic sandstone of a 
similar age to rocks from the Central Chain (Challinor & Grant-Mackie 1989).
STRATIGRAPHY AND SEDIMENTOLOGY OF THE CENTRAL 
CHAIN TERRANE
Details of the stratigraphy of the Central Chain terrane are poorly known as many of the 
rocks are difficult to access, there is a large thickness of sediments, there are few fossils, 
and in some areas structure is complex. A thorough stratigraphic analysis is beyond the 
scope of this work and this chapter concentrates on the base of the sequence which rests 
conformably on the Central Chain ophiolites. A 5000 m thick section of these sedimentary 
rocks was examined and has been divided into four lithostratigraphic units (Fig. 6.1, Table 
6.1) which are correlated with similar rocks throughout New Caledonia (Fig. 6.2). Jurassic 
rocks from the top of the Central Chain sedimentary sequence were also examined in
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Figure 6.1 Composite stratigraphic column of the sedimentary rocks overlying the Koh 
ophiolite showing the major lithological characteristics in the type sections 
defined in the text.
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Figure 6.2 Stratigraphie columns showing the relationship of the formations from the
Central Chain sedimentary sequence to the Central Chain ophiolites. Diagonal 
lines indicate faulted contacts, horizontal lines indicate conformable contacts.
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order to record any large scale sedimentological differences that may provide constraints 
on the evolution of their arc source. Areas of outcrop are separated by major faults, 
making exact estimates of stratigraphic thickness for the entire Central Chain terrane 
difficult.
The oldest major sedimentary rocks from the terrane are red pelagic siltstones and 
mudstones overlying the Central Chain ophiolites. W ell-exposed conformable 
sedimentary rocks occur at a number of locations above the Koh ophiolite (GR 76100 
5861; GR 76114 5861; GR 76192 5840; GR 76205 5814), the Pocquereux ophiolite (GR 
75977 5992; GR 75911 6000), the Sphinx ophiolite ( GR 76510 5490; GR 76525 5420; 
GR 76501 5410) and the Nassirah ophiolite (GR 75900 6097) (Fig. 6.2). The exposures 
within the Koh ophiolite provide the least deformed and best preserved transition between 
the uppermost pillow basalts and the base of the Central Chain sedimentary sequence. The 
pillow basalts are overlain by thin pelagic siltstones followed by a thick sedimentary 
sequence (>4000 m) (Fig. 6.3), which youngs overall towards the south-east. These 
sedimentary units at the base of the Central Chain sequence are subdivided into the four 
stratigraphic units which are discussed in detail below and outlined in Table 6.1.
M t R em bai'-M t D o g n y  
-L a F o a  R iv er
X w é  X w ai-  
K o h -O u e n  C h a sn e
F o r m a t io n d o m in e n t av. d ip stra tig ra p h ic av . s tr a t ig r a p h ic
l i t h o l o g y th ic k n e s s d ip th ic k n e s s
Ô  K aka red p e la g ic  s ilts to n e 5 0 ° 1 1 0  m 7 0 ° 1 4 0  m
X w é  X w ai v o le , sa n d sto n e 5 0 ° 1 1 5 0  m 8 0 ° 9 4 0  m
Sarram éa b la ck  s ilts to n e 4 5 ° 1 2 3 0  m 9 0 ° 1 0 0 0  m
M é G u v o le , sa n d sto n e 5 0 ° 1 9 1 0  m 5 0 ° > 2 1 0 0  m
a b o v e  M é  G u v o le , sa n d sto n e 5 0 ° > 5 7 0  m
Table 6.1 Estimates of the stratigraphic thickness of the formations along two separate 
faulted blocks above the Koh ophiolite.
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O Kaka Formation (new name)
The distinctive red and green siliceous muddy siltstones and mudstones which occur 
above the Central Chain ophiolite will be referred to as the Ô Kaka Formation. The 
formation is named after a small creek, approximately 2 km northwest of Koh (GR 76190 
5840) on the Canala-La Foa 1:25 000 map sheet (1990 edition). The sedimentary rocks 
rest conformably on the uppermost pillowed basalts (Fig. 2.10). The top of the formation 
is defined by the abrupt change from a sequence dominated by pelagic siltstone to a 
sequence dominated by tuffaceous siltstones and sandstones. This formation occurs 
wherever there is a conformable contact between the Central Chain ophiolites and the base 
of the Central Chain sedimentary sequence (see above for locations). The best-exposed, 
least-deformed sequence and type section is in the upper section of the creek Bere Pwi in 
the Sarraméa valley (GR 76100 5862-76102 5864).
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Figure 6.3 Geological map of the Koh and Pocquereux ophiolites showing the four 
sedimentary units identified at the base of the Central Chain sedimentary 
sequence. The letter F denotes fossil localities reported by Paris et al. 
(1982). Geological boundaries modified from Paris et al. (1982). 
Representative bedding orientations from observations in the field and from 
existing geological maps.
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Three sedimentary facies are identified within this formation. Massive red muddy pelagic 
siltstone with mottled dark and light patches is the most common lithology. Some of the 
rocks near the base of the section contain rare altered volcanic clasts, possibly originating 
from the underlying basalts. The second facies consists of finely laminated green siliceous 
siltstone. Light and dark colouration in these sitstones cuts across the bedding and 
probably developed in response to leaching by hydrothermal fluids and is most common 
near the base of the formation.
The third sedimentary facies, which is most common in the section overlying the 
Pocquereux ophiolite, and in some localities above the Koh ophiolite, consists of red 
pelagic siltstone to sandstone turbidites (Fig. 6.4) up to 6 cm thick and in some case 
containing a full set of Bouma sub-divisions, but generally the basal divisions are missing. 
Small-scale fluid escape structures, load structures, flame structures and minor slumps are 
common.
The formation is approximately 130 m thick in the type section above the Koh ophiolite 
and 100 m thick at Pocquereux and Sphinx. Some of the sections are much thicker or 
thinner probably due to attenuation or thickening of the sections during faulting.
The radiolarian microfossil fauna which occurs throughout this formation has been 
recrystallised, probably during burial and obduction-related metamorphic events. The 
radiolarians are predominantly featureless round spheres ranging between 0.08 and 0.25 
mm, forming up to 60% of the volume of the sandy siltstones in which they occur. All the 
radiolarian faunas from the base of the Central Chain and the interpillow cherts within the 
ophiolites and those from pelagic siltstones further up the sequence (Fig. 6.5) are similarly 
recrystallised. This extensive recrystallisation prevented any taxonomic identification.
Xwe Xwai Formation (new name)
This unit conformably overlies the 6  Kaka Formation and is dominated by sandstones 
and siltstones with minor red siltstones and conglomerates. The formation is named after 
the Xwe Xwai River (new name for Ouen Ouai from the 1990, 1:25 000 topographic 
maps) which follows the road northwest of Koh. The base is defined by the gradual 
change in lithology from the O Kaka Formation red pelagic siltstones to a section 
dominated by volcaniclastic sedimentary rocks. The top of the formation is defined by the 
abrupt lithological change from a sequence dominated by volcaniclastic rocks to one 
dominated by black micaceous siltstones interbedded with sandstones. The type section is 
the along the road (RPN 3) between 1 and 2 km to the north west of Koh (see map 1 & 
Fig. 6.1) (GR 76191 5838-76185 5850).
The formation exhibits an overall coarsening-upwards trend. The base of the formation 
contains laminated blue tuffaceous siltstone and fine-grained sandstone. The laminations 
are generally only visible on surfaces etched by weathering or those which are flat and
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Figure 6.4 Pelagic siltstone turbidite from the 6  Kaka Formation, Oua Tiho, 
Pocquereux ophiolite, GR 5994 75977. Note the dark red graded sandstone 
base of the turbidite (on the left) above an irregular scour surface and the 
load structure which cuts the black layer (on the right).
Figure 6.5 Recrystallised radiolarians from the Xwd Xwai Formation at Koh. Sample 
70993; field of view 2.3 x 1.5 mm.
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polished. Other sedimentary features observed within these rocks include graded bedding, 
small scale crossbedding, small slumps and extensive bioturbation. The siltstones are 
interbedded with medium to coarse-grained, structureless volcaniclastic sandstones 
between 0.5-15 m thick. Some of sandstones contain large angular intraclasts (up to 5 cm 
long) of blue tuffaceous siltstone or red pelagic siltstone.
Structureless volcaniclastic sandstones, and minor disorganised, clast-supported, 
volcaniclastic sandy conglomerates are the most common facies within the upper part of 
the section. These are interbedded with minor laminated blue tuffaceous siltstones similar 
to those from the lower section. Intraclasts of both red siltstone and tuffaceous siltstone 
are common (Fig. 6.6). In the sequence above the Koh ophiolite, three 10 m thick red 
pelagic siltstone horizons, similar to the facies described from the 6  Kaka Formation, 
occur towards the centre of the section. Other sedimentary facies include a single 20 m 
thick unit of laminated black siltstone containing extensively recrystallised unidentified 
radiolarians in a fine-grained black, organic-rich matrix. A small horizon at the top of the 
formation contains green, purple and red laminated siltstone interbedded with fine-grained 
volcaniclastic sandstone and tuffaceous siltstone.
The Xw6 Xwai Formation occurs in all the sections above the larger, well-preserved 
Central Chain ophiolites. It is approximately 1100-1200 m thick in the Koh type section, 
and 700-900 m thick at Pocquereux. Above the Sphinx ophiolite major faults occur within 
this formation, making estimation of the thickness difficult and above the Koua ophiolite 
only the base of the unit is recognisable.
Sarramea Formation (new name)
Black sandstone and siltstone turbidites are the most common facies in this formation 
(Fig. 6.7). Each turbidite is generally between 5 cm to 1 m thick and contains a basal 
scour, generally overlain by structureless medium to coarse-grained volcaniclastic 
sandstone and occasionally conglomerate. Lower horizontally laminated (Bouma sub­
division B) and cross-laminated (sub-division C) sandstones are rare. Generally the 
massive graded sandstones are directly overlain by horizontally laminated or burrow- 
mottled black siltstone. The black colour, pyrite crystals and high organic content of the 
black siltstone suggests that it was deposited under reducing conditions. These rocks are 
defined here as the Sarramea Formation. This formation is best exposed along the Koh 
valley particularly along the upper section of Ouen Chasne and along the road (RPN3) 
north-west and south of Koh, which was chosen as the type section (GR 76185 5850- 
76179 5865) (Fig. 6.1).
The black siltstones from the Momda Formation near Moindou have previously been 
correlated with the black micaceous siltstones which overlie the Koh ophiolites (Paris 
1981), however, the sequences differ significantly. The fine-grained lower Triassic
114
Figure 6.6 Pelagic siltstone intraclasts in volcaniclastic conglomerate Xwc Xwai 
Formation at Koh, GR 5828 76203.
Figure 6.7 Typical small black siltstone turbidites from Sarramda Formation, at Mt 
Remhai near Koh, GR 5875 76117.
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ammonite-bearing siltstones and fine-grained sandstones described from the village of 
Moindou (Paris et al. 1977; Campbell & Bando 1985) and the dacitic tuff-breccias from 
the Moindou volcanic member (Campbell et al. 1985) do not occur in the Central Chain 
terrane, instead the base of the middle Triassic black siltstones is underlain volcaniclastic 
conglomerates.
The base of the black siltstone unit is middle Triassic (Anisian), based on three ammonites 
collected from the lower 50 m of the unit on the Koh-Kouaoua road (GR 76183 5781). 
The ammonites belong to the genera Hollandites (Diener), Leiophytlites (Diener) and 
Prosphigites (Mojsisivics) (Dr H.J. Campbell, IGNS NZ pers. comm. 1991) (Meffre 
1991).
The stratigraphic thickness is approximately 1200 m, calculated from the average dip of 
the rocks. The exact stratigraphic thickness could not be determined as outcrop scale folds 
and small faults are common within this formation.
This formation has been identified above most of the Central Chain ophiolites including 
lower Koh valley, the upper section of the Ouen Chasne tXw6 Noi). the Sarramea valley 
and on the road near the Col de Koh between Ouen Ouai fXwe Xwai) and the Kouaoua 
River. Near the Pocquereux ophiolites black siltstone is observed both in conformable and 
faulted contact with the Xwe Xwai formation and the 6  Kaka formation. Near the Sphinx 
ophiolite in the Nu fLu) valley black siltstones approximately 1000m thick are separated 
from the ophiolite by a major fault running down the southern side of the valley, but 
probably belong to the Sarramda Formation.
Black siltstones similar to the Sarramda Formation occur at different levels throughout the 
Central Chain terrane sedimentary sequence. Faunas reported from the black siltstones 
include upper Triassic Monotis fossils and Jurassic Inoceramus fossils (Lozes et al. 
1977; Paris 1981; Maurizot et al. 1986). This suggests that the conditions which gave rise 
to the formation re-occurred later in the arc-related basins.
Me Gu Formation (new name)
This unit consists of a thick sequence of coarse clastic rocks comformably overlying the 
Sarramda Formation. The base is characterised by an abrupt transition from friable black 
siltstones to more resistant coarse-grained volcaniclastic sandstone. This effects a change 
in the local topography from generally low lying areas dominated by siltstone to distinctive 
steep slopes and ridges. The unit is named after a hill 1 km to the east of the village of 
Koh (GR 76173 5866) (spelling is taken from the Canala-La Foa 1990 1:25 000 
topographic map).
Coarse-grained volcaniclastic sandstone and matrix-supported sandy conglomerates are 
the most common facies within this formation. They are generally not graded, with few
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sedimentary structures, except for large angular intraclasts (up to 30 cm) of red and green 
siltstone and mudstone, similar to those from the Xwé Xwai Formation. These are 
interbedded with rare laminated, tuffaceous siltstone and fine sandstone containing graded 
bedding, small slumps and burrows.
A continuous type section cannot be defined for this formation as discontinuous exposure 
prevents examination of the top and base of the unit. The base was examined along the 
road between Koh and Canala and along the Ouen Chasne River (Xwé Noi) between the 
Koh-Koindé Fault and the Danaou Fault. The orientation of the bedding along the river 
section is variable, especially near the Koh-Koindé Fault zone. The top of the formation 
was examined along the La Foa River 15 km upstream from La Foa, and is defined at a 
change in lithological character from structureless sandstones and sandy conglomerates to 
graded, cross-laminated sandstones with well-defined sedimentary structure. The 
stratigraphic thickness of this section above the Koh sequence was estimated from the 
regional geological map (Paris et al. 1982), field mapping by the author along the flanks 
of Mt Dò Nvi and aerial photo interpretation. The orientation of the beds and faults 
suggest that this formation may be up to 2000-3000 m thick.
The distinctive steep-sided ridge around Mt. Ounéhouaou (Mé Xuné Waul above the 
Pocquereux ophiolite and the ridge supporting Mt Mèta and Ojui above the Sphinx 
ophiolite probably correlate with this unit, however this identification is based on 
morphological and aerial photo interpretation.
The sequence above the Mé Gu Formation
The basal section of the unit above the Mé Gu Formation is dominated by sandstone 
turbidites typically exhibiting a basal scour overlain by coarse-grained, graded sandstone 
followed by fine-grained, laminated sandstone, cross-bedded sandstone and bioturbated 
siltstone. Parallel laminated Bouma divisions (B & D) are rare but the cross-laminated 
division (C) is well developed. Burrows, slumps, small sedimentary dykes and siltstone 
intraclasts are very common. The turbidites are interbedded with minor ungraded 
structureless sandstones up to 3 m thick.
Assuming there are no major faults in the sedimentary sucession, these sandstones are 
stratigraphically 4000-5000 m above the Koh ophiolite. Their exact age can not be 
determined as they contain no fossils. Camian to Norian Manticula problematica (Late 
Triassic) fossils, reported from an area 3 km to the east of the La Foa River (Paris et al. 
1982) may occur in correlative rocks but the extensive cross-faults associated with the 
Eocene ophiolite obduction identified in the nearby Pocquereux ophiolite makes 
correlation uncertain (Fig. 6.2).
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Jurassic rocks of the Central Chain
The youngest sedimentary rocks of the Central Chain sequence which are exposed in the 
centre of New Caledonia near Goipin, and on the west coast near Poindimid, have been 
described by Paris (1981), Lozes et al. (1977) and Maurizot et al. (1986). These authors 
identify the Jurassic rocks as black siltstone, volcaniclastic sandstone and siltstone 
generally similar to the Triassic Central Chain sedimentary rocks, apart from their higher 
fossil content. The fossils from these lithologies include large bivalves such as 
Inoceramus (Fig. 6.8) belemites and ammonites (Paris 1981; Challinor & Grant-Mackie 
1989; Maurizot et al. 1986). Inoceramus shellbeds including both fragmentary and well 
preserved articulated specimens (Fig. 6.9) suggests a shallower environment of deposition 
than that of the Triassic Central Chain terrane sedimentary rocks. Examination of some of 
these rocks indicates they are similar to the lithologies described from the base of the 
sequence. Inoceramus-bearing siltstone turbidites contain graded sandstone at the base 
followed by cross-laminated black and grey siltstone and bioturbated black siltstone at the 
top. In some samples bioturbation obliterates the sedimentary structure. Structureless 
volcaniclastic sandstones and conglomerate were also examined from this area.
Dolerite intrusions in the Central Chain
A number of dolerite sills and minor dykes have been described from the Central Chain 
sequence. These are especially common north of the Tarouimba ophiolite (Lozes et al. 
1977, Paris 1981). Several 5 m thick dykes were examined in the Xwe Xwai Formation, 
and one larger intrusion (at least 50 m wide) was examined from the Me Gu Formation. 
These consist of medium to coarse-grained dolerite containing interlocking plagioclase, 
clinopyroxene and titanomagnetite. The chemistry of one dyke from the Xwe Xwai 
Formation was analysed and found to be of basaltic composition high in Ti02 (1-53%) 
and relatively low in MgO (4.71%). This major and trace element composition is 
characterisitic of evolved tholeiitic rocks. Evolved tholeiitic sills and dykes intruding into 
sedimentary sequences have been documented from backarc basins (Andrews et al. 1975). 
Sills and dykes intruding into the sedimentary sequence in forearc basins tend to be lower 
in Ti02, similar to volcanics from the active arc (Taylor et a l 1992).
Ichnology
Trace fossils are common in fine-grained sedimentary rocks from the Central Chain 
sequence. The trace fossils are predominently horizontal burrows of varying size ranging 
from 0.2 mm to 5 mm diameter. The smallest burrows are curved and branched and 
belong to the ichnogenus Chondrites. The medium sized burrows (1.5-3 mm in diameter) 
have no internal structure and smooth regular outlines, and may belong to the ichnogenus 
Planolites. These two forms are the most common, although four other trace fossils were
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Figure 6.8 Inoceramus shell bed from Goipin, GR 5280 76540.
Figure 6.9 Large Inoceramus containing both valves joined together, GR 5280 76540.
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identified. A Diplocriterion-type ichnospecies was found in a black siltstone (Sarramda 
Formation) 3 km north of Sarramda (GR 76094 5578). It consists of a subvertical burrow 
25 mm deep, 4 mm wide and at least 40 mm long, with regular edges and finely laminated, 
horizontal internal structure, cross-cutting the earlier fabric dominated by Planolites (Fig. 
6.10). The material inside the spreite is lighter and coarser than the surrounding rock.
A finely laminated tuffaceous siltstone from the Xwd Xwai Formation above the Sphinx 
ophiolite (Fig. 6.11) contains Chondrites, Planolites and two small horizontal and sub­
horizontal Zoophycos burrows (1.5 and 2 mm in diameter). One single vertical Skolithos- 
type burrow reworked by Chondrites was observed in a black siltstone from the base of 
the Sarramda Formation. This burrow is at least 20 mm high, 5 mm in diameter and 
contains a concave meniscus of coarser, lighter material than the surrounding rock. The 
sandstones above the Me Gu Formation contain extensive large burrows similar to 
Heleminthopsis. These are large, unbranched burrows (4-5 mm in diameter), mainly 
oriented parallel to each other, containing a distinctive dark central section with a curved 
meniscus, surrounded by a 1-2 mm thick zone of disturbed, coarse, light-coloured 
sediment (Figs. 6.12 & 6.13).
Chondrites, Planolites and Zoophycos are typical of the Zoophycos ichnofacies common 
in bathyal environments with low oxygen contents (Ekdale et al. 1984; Frey & Pemberton 
1984; Bromley 1990) and turbidites from arc-related basins (Colella et al. 1992; B0e 
1994). Colella et al. (1992) describe a similar trace fossil assemblage from the modern 
Izu-Bonin Arc at ODP sites 790 and 791 in the Minami Sumisu Basin (a young backarc 
rift), which contains mainly Chondrites and Planolites with minor Zoophycos and 
Heleminthopsis, similar to the ichnospecies from the Central Chain sequence. ODP sites 
788 and 792 on the arc platform and in the forearc contain a more diverse fauna 
characterised by Solicia, Skolithos, Teichichnus, Taenidium and Thalassinoides as well as 
the ubiquitous Chondrites, Planolites and Zoophycos (Colella et al. 1992). The greater 
diversity of the arc and forearc sites is thought to be a result of increasingly oxygenated 
conditions (Colella et al. 1992). Comparison with the trace fossil assemblage from the 
base of the Central Chain sequence suggests that the basins were in a similar paleo- 
environment at bathyal depths (1500 to >2000 m).
Two black siltstone and fine-grained sandstone samples collected from the top of the 
Central Chain sequence near Goipin contained only Chondrite and Planolites, but have 
been extensively bioturbated so that early formed trace fossils may have been obliterated. 
The samples are from an Inoceramus shell bed containing shells up to 15 cm long, many 
with both articulated valves present. Similar Inoceramus faunas from Fossil Bluff in 
Antarctica are thought to have occupied the subtidal to middle shelf position (Kelly 1993), 
suggesting that the Jurassic rocks from Goipin are from a much shallower depositional 
environment than that postulated for the base of the Central Chain sedimentary sequence.
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Figure 6.10 Diplocriterion burrow in black siltstone, Sarramda Formation, Mt Rembai, 
near Koh. Oblique section through the long and narrow burrow. Sample 
70994.
Figure 6.11 Tuffaceous siltstone containing Chondrites, Planolites, Zoophycos and other 
trace fossils. This rock has been reworked causing complete bioturbation. 
The layers to the right are caused by concentrations of Chondrites along 
planar surfaces. Xwd Xwai Formation, near Sphinx ophiolite. Sample 70995.
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Figure 6.12 Heleminthopsis burrows from sandstones above Me Gu Formation, La Foa 
River showing a dark central burrow with a light outer rim. Sample 70996;
GR 5959 76047.
Figure 6.13 Heleminthopsis burrows in thin section illustrating the internal structure of 
the burrows. Sample 70996; Field of view 18 x 12 mm.
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This shallow environment is also indicated by the presence of fossil wood (Maurizot et al. 
1986). The relatively restricted trace fossil assemblage within the Jurassic rocks may 
simply be related to the low number of samples collected, or the low oxygen conditions 
suggested by the continued presence of black shales.
Deposition environment
Interpretation of the sedimentary facies is largely based on the well-established models for 
deep water sedimentary deposition comprehensively reviewed by Pickering et al. (1986). 
The dominant process in the Central Chain sequence was deposition from high density 
turbidites.
The structureless siliceous siltstone and mudstones from the O Kaka Formation were 
probably deposited partially by settling of silt-sized biogenic particles, and partially from 
precipitation of mud-sized particles from hydrothermal activity, suggested by the deep red 
colour, the presence of recrystallised radiolarians and small fragments of altered volcanic 
rocks. The red siltstone turbidites were developed through redeposition by low- 
concentration turbidity currents of pelagic material, possibly from nearby basement highs. 
The altered basaltic clasts and hydrothermal alteration minerals (chlorite, epidote) in the 
stratified green siltstones suggest they have a significant hydrothermally-derived 
component possibly associated with activity shortly after spreading, as they are more 
common near the base of the 6  Kaka Formation.
Tuffaceous siltstone and Fine-grained sandstone were probably deposited from high- 
concentration turbidity currents with subsequent reworking of particles by tractional 
processes beneath diluted turbidity currents. The source of the material may have been 
from volcanic and ash fall material deposited elsewhere in the basin, on a nearby unstable 
slope or shelf. The coarse structureless volcaniclastic sandstones and conglomerates may 
have been deposited by high-concentration turbidity currents or debris flows, and Finally 
rapid collective grain deposition due to increased inter-granular friction.
Black turbidites were probably deposited from high density turbidity currents, causing 
rapid deposition of structureless sandstone followed by silt and mud. At some locations 
the basal conglomerates have been deposited above irregular scours suggesting that up to 
20 cm of the underlying strata was reworked. Similar reworking is also implied by the 
large siltstone and mudstone intraclasts found throughout the section in the structureless 
sandstone and conglomerate.
The predominance of coarse-grained sedimentary rocks deposited by high density 
turbidity currents and debris flows throughout the Central Chain indicates the presence of 
a nearby slope with high topographic gradients and a long-term supply (>100 Ma) of arc 
volcanic rock fragments from a nearby source. However, no primary volcanic flows, 
intrusions or proximal arc pyroclastic deposits reached the basins. In modem island arcs
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volcaniclastic gravity flows tend to occur close to the arc (<100 km) whereas at greater 
distances, both in the backarc and the forearc, pelagic sedimentation and distal ash fall 
dominate (Carey & Sigurdson 1984; Clift et al. 1995). This indicates that deposition of 
the Central Chain sequence probably occurred near the margin of a backarc, forearc or arc 
rift basin.
The sedimentary and trace fossil facies suggests a deep water depositional environment for 
the base of the Central Chain sedimentary sequence. The increase in fossil content in the 
Jurassic rocks indicates that this environment probably became shallower over time. The 
size and architecture of this basin is difficult to estimate due to faults, block rotations and 
the uncertain stratigraphy. The predominance of NW-SE oriented dykes in the Central 
Chain ophiolites (see Chapter 2) suggests that the arc volcanic source was either to the 
northeast or the southwest. No change in sedimentary facies can be observed in these 
directions however, due to the narrow width of the Central Chain terrane fault-bounded 
block.
Sandstone petrography
The petrography of fifty samples from Central Chain volcaniclastic conglomerates, 
sandstones, and siltstones was studied in order to constrain the source of the clasts and 
compare their characteristics to those from sediments from modern arc-related basins.
The volcaniclastic sandstones are poorly sorted and are composed mainly of angular to 
sub-rounded lithic or monocrystalline clasts. Lithic clasts of volcanic origin are the most 
common clast type (Fig. 6.14). These generally contain large plagioclase, clinopyroxene 
and titanomagnetite phenocrysts in a groundmass containing plagioclase microlites and 
fine-grained altered material. Variations include mafic and intermediate volcanic rocks 
lacking plagioclase and/or clinopyroxene phenocrysts or lacking groundmass microlites. 
Some of these rocks may also contain groundmass clinopyroxene, trachytic-textured 
groundmass or plagioclase and clinopyroxene glomerocrysts. Clasts of dolerites with 
poikilitic clinopyroxene are present in a few of the samples (Fig. 6.15).
Volcanic lithic clasts with a more felsic composition are common and include dacites with 
plagioclase and/or quartz phenocrysts in a altered felsitic groundmass of fine-grained 
plagioclase and quartz; pumice fragments with rounded or elongated vesicles (Fig. 6.16); 
altered, laminated, fine-grained tuffaceous rocks.
Large monocrystalline plagioclase crystals (up 3.5 mm) are present in all the samples. 
Many of these are rounded, sieve textured or composite, indicating that they are 
phenocrysts from basic to intermediate rocks. Large monocrystalline clinopyroxene, 
monocrystalline quartz with embayed edges, and titanomagnetite are also common.
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Figure 6.14 Typical volcaniclastic sandstone from the Xwé Xwai Formation, near the 
Koh, showing a dominance of plagioclase and lithic fragments Sample 
70997; Field of view 14 x 10 mm.
Figure 6.15 Typical volcaniclastic sandstone from the Xwd Xwai Formation, above the 
Sphinx ophiolite. This sample consists mainly of mafic lithic fragments with 
microlitic textures and includes a large felsic fragment (just left and down of 
the centre of the photo). Sample 70998; field of view 9 x 6.5 mm.
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All metamorphic clasts observed are fine-grained foliated aggregates of chlorite, 
pumpellyite or serpentinite probably derived from tectonised and altered volcanic rocks. 
The sedimentary lithic clasts include siltstones with fragments of plagioclase and minor 
quartz in a fine-grained dark matrix. Two granule conglomerates containing isolated 
solitary corals and small shell fragments were collected from above the Sphinx ophiolite 
(Fig. 6.17).
Point counting of sandstones from the Central Chain sequence required careful selection 
of samples as alteration causes plagioclase phenocrysts to be indistinguishable from the 
altered groundmass of volcanic lithic clasts. A total of 16 least-altered, coarse sandstones 
were selected and point-counted using the Dickinson-Gazzi method (Dickinson and Suzek 
1979; Ingersol et al. 1984) counting for the parameters outlined in Table 6.2. Five of the 
sections were stained for K-feldspar according to the method of Marsaglia and Tazaki 
(1992) however the process was not continued due to the lack of K-feldspar.
Generally the sandstones have QFL composition typical of arc-related basins near 
undissected arcs where plutonic rocks are not exposed. They are characterised by a high 
proportion of volcanic lithic clasts and a low proportion of quartz (Fig. 6.18). Three of the 
sandstones a have greater proportion of plagioclase than that reported from modem intra- 
oceanic island arcs ( eg. Marsaglia & Ingersol 1992) and form a separate group. These 
samples contain an abundance of large plagioclase crystals which may have been 
concentrated during turbidite processes. If the plagioclase within these rocks was not 
concentrated by sedimentary processes, then the average plagioclase phenocrysts content 
of the volcanic source must be greater than 50% to account for the high contents within the 
sedimentary rocks. Such high phenocryst contents are rare in volcanic rocks, because 
phenocrysts increase the viscosity of the melt to a point where it cannot rise to the surface 
(Ewart 1982; Cas & Wright 1987). Additionally plagioclase-rich sandstones tend to occur 
at the base of turbidites in the black siltstones from the Sarramea Formation suggesting 
that plagioclase crystals are separated from the altered, less resistant lithic component of 
the sediments and concentrated in the graded sandstones of the turbidite. Similar 
concentrations of plagioclase crystals in the sand fraction of turbidites occurs in recent 
sediments from modem active margins (McLennan etal. 1990).
The Jurassic sandstones from the Goipin area appear to be similar to those from the base 
of the Central Chain sequence, suggesting that the source does not change significantly 
with time, however, these results are based on only two coarse-grained Jurassic sandstones 
from a complex area. A detailed study with stronger stratigraphic controls is required 
before a firm conclusion can be reached regarding the evolution of the arc source.
The Central Chain sandstones contain volcanic, volcaniclastic or low grade metavolcanic 
clasts and lack plutonic, high grade metamorphic, or quartz-rich sedimentary clasts 
indicating that the sandstones were derived from an arc source, that the plutonic roots of
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Figure 6.16 Pumice and plagioclase fragments from the Xw<5 Xwai Formation, near the 
Sphinx ophiolite. Sample 70999; field of view 2.3 x 1.6 mm.
Figure 6.17 Coral and shell fragments in a volcaniclastic sandstone from Xwé Xwai 
Formation, near the Sphinx ophiolite. Sample 71000; field of view 19 x 13 
mm.
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transitional
continental
Central Chain Jurassic sandstone 
Central Chain Triassic sandstone 
Moindou Triassic sandstone 
Tdremba terrane sandstone 
Tdremba terrane volcanic rock
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Figure 6.18 QFL diagrams for Central Chain and Téremba terrane sandstones. Fields from 
Dickinson et al. (1983). Diagram A: Central Chain terrane sandstone, B: 
Téremba terrane sandstones, Moindou sandstones and Téremba terrane 
volcanics, C: averages for Central Chain and Téremba terrane sandstones and 
Téremba terrane volcanics, D: fields for the average compositions of 
sandstones from modem arcs (Marsaglia & Ingersol 1992).
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the arcs were not exposed and that continental material was not present. These results 
support the island arc origin proposed in the previous chapters. The average of feldspar 
content in the sandstones is slightly more plagioclase-rich than that from typical 
sandstones from intra-oceanic island arcs (Fig. 6.18) due to the three samples in which 
plagioclase may have been concentrated by sedimentary processes. The low percentage of 
quartz and reworked sedimentary and metamorphic clasts (< 1 %) are all typical of island 
arc sandstones (Marsaglia & Ingersol 1992).
Black siltstone petrography
The black siltstones contain additional components to the volcanic fragments in the 
sandstones and were considered by previous authors to have originated from a continental 
terrigenous source different to that of the volcaniclastic sandstone, conglomerate and 
tuffaceous siltstone (eg. Guerange et al. 1975; Paris & Bradshaw 1977; Paris 1981). 
Identifiable volcanic fragments still comprise at least half of the fine sand grains within 
these turbidites and in some cases large volcanic clasts are present (Fig. 6.19).
The black siltstones contain sand or coarse silt-sized, monocrystalline clasts of altered 
plagioclase, quartz and a mineral with optical properties similar to muscovite, together with 
recrystallised radiolarians in a fine-grained matrix of black organic material. The 
plagioclase have been altered to clay minerals and calcite to a greater extent than in the 
volcaniclastic sandstones from the coarser formations. Most of the fine-grained sheet 
silicates are detrital as many of the larger crystals have been bent and fractured during 
deposition, and some have rounded outlines (Fig. 6.20). This mineral is probably illite; 
chemically similar to muscovite but lower in K and higher in Si (average formula: 
(K,Na)j 4  AI5 Si7 AlO 2 0  (OH)4) (Table 6.3). This mineral is slightly different to typical 
illite as it contains significant Na, possibly as the result of interlaying with a Na-bearing 
clay mineral. It is present as single crystals or monominerallic aggregates of crystals 
generally less than 0.1 mm long in siltstones but up to 0.4 mm long in sandstones at the 
base of turbidites. These are significantly larger than illites derived from the alteration of 
plagioclase in the volcaniclastic sandstones which suggests that they are derived from the 
chemical breakdown of muscovite. One sample also contains small, brown pleochroic 
crystals of a similar in appearance biotite, but microprobe analysis suggest that they are 
low in K and Si and probably altered to chlorite. X-ray diffraction of these mineral was not 
undertaken as it would be difficult to separate fine-grained illites resulting from 
plagioclase alteration from the coarser detrital illites. Illite crystallinity studies of the bulk 
rock or mineral separates (eg. Pikoulas 1991) give ambiguous results probably due to 
mixing of different types of illite crystals.
The source of the illite and chlorite is difficult to determine. Although muscovite and 
biotite are common in old metamorphic terranes, they are also formed by hydrothermal
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Figure 6.19 Coarse volcaniclastic conglomerate and sandstone interbedded with black 
siltstone in the Sarramda Formation, Ouen Chasne, near the Koh ophiolite,
GR 5888 76124.
Figure 6.20 Illite, probably altered from a detrital detrital crystal of mica. The large bent 
shape of the crystal shows that it is detrital in origin. From the Sarramea 
Formation near the Koh ophiolite. Sample 69060; field of view 0.9 x 0.65 
mm.
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circulation in island arc volcanoes (eg. Eaton & Setterfield 1993). They could therefore 
indicate a metamorphic source or an hydrothermally altered volcanic source. The 
separation and concentration of plagioclase in the base of the turbidites, the fine-grained 
lithologies and the extensive weathering of the plagioclase crystals, in the black siltstones, 
all suggest a weathered, altered, physically dissociated and mainly volcanic source. The 
altered micas and the black siltstones could therefore be derived from periods of uplift or 
low arc productivity when deeper, more altered rocks are exposed to erosion, producing 
organic rich, fine-grained turbidite sedimentation in the basins.
There is no evidence for continental-derived material to either the sandstones or the 
siltstones, although a high-grade metamorphic source for altered micas in the siltstones 
can not be ruled out.
i l l i t e i l l i t e i l l i t e i l l i t e i l l i t e i l l i t e i l l i t e i l l i t e i l l i t e
S i 0 2 5 1 . 4 4 5 0 . 2 4 5 3 .5 5 5 1 .8 8 5 1 .8 3 5 0 . 4 8 5 2 .1 1 5 2 . 6 6 5 1 .0 5
T i 0 2 0 .0 6 0 .2 8 0 .0 5 0 .0 1 0 .0 4 0 . 4 4 0 .4 3 0 .0 6 0 .3 6
A i2o 3 3 9 .5 6 3 8 .1 4 3 9 .9 9 3 9 .5 3 4 0 . 0 2 3 3 . 0 2 3 6 . 3 9 3 9 . 6 7 3 6 .7 3
Cr20 3 0 .0 4 0 .0 8 0 .0 4 0 .0 8 0 .0 5 0 .0 3 0 .0 3 0 . 0 0 0 .0 1
FeO 0 .2 9 0 .8 5 0 .2 5 0 .3 4 0 .5 1 3 . 7 4 1 .4 6 0 .1 7 0 .7 6
M n O 0 .0 3 0 .0 5 0 .0 7 0 . 0 0 0 .0 5 0 .0 9 0 . 0 0 0 .0 8 0 .0 3
M g O 0 .3 2 1.08 0 .2 2 0 .3 2 0 .2 1 1 .27 1 .06 0 . 2 9 0 .8 5
C aO 0 .0 3 0 .0 0 0 .0 5 0 .0 4 0 .0 6 0 . 0 0 0 . 0 0 0 .0 7 0 .1 3
N a 20 4 .1 9 0 .5 0 4 .41 3 .3 4 3 .8 0 0 . 8 4 0 .4 5 2 .6 4 2 .1 7
k 2o 2 .4 7 9 .1 9 1.48 1.91 2 .1 3 7 .1 2 8 .0 7 1 .48 5 .0 3
TO TAL 9 8 .4 3 1 0 0 .41 1 0 0 .1 1 9 7 . 4 6 9 8 . 6 9 9 7 . 0 3 1 0 0 .0 1 9 7 . 1 3 9 7 . 1 0
chi? chi? chi? chi? chi? ch i? ch i?
S i 0 2 2 5 .2 3 3 4 .4 6 3 8 .9 6 2 9 .9 7 3 6 .0 2 4 0 .1 1 3 8 . 1 2
T i 0 2 0 .4 3 0 .9 9 0 .8 2 0 .2 4 1 .17 0 . 4 0 0 . 9 0
a i 2o 3 1 8 .8 5 2 4 .4 3 2 4 .8 1 2 4 .3 4 2 2 . 9 0 2 5 . 6 6 2 3 . 6 4
C r20 3 0 .0 1 0 .0 6 0 .0 4 0 .0 1 0 . 0 0 0 . 0 2 0 .0 3
FeO 2 4 . 3 6 2 1 .4 7 1 7 .4 9 19 .6 3 1 8 .2 9 1 5 .3 6 19 .7 1
M n O 0 .3 0 0 .1 8 0 .1 6 0 .2 0 0 .1 5 0 .1 8 0 .2 6
M g O 8 .1 2 7 .1 6 7 .3 4 6 .81 9 .3 9 6 .2 9 7 .5 3
C aO 4 .4 2 0 .3 2 0 .6 7 0 .4 7 0 .2 3 0 .2 9 0 .2 5
N a 20 0 .1 6 0 .3 2 0 .1 7 0 . 2 0 0 .0 9
k 2o 0 .5 8 1.18 1.61 1 .67 1 .09 2 .4 7 1.61
T O TAL 8 2 .4 8 9 0 .5 7 9 2 .0 8 8 3 .3 3 8 9 .2 2 9 0 . 9 6 9 2 . 1 4
Table 6.3 Compositions of detrital illites (probably from the alteration of muscovite) 
and brown pleichroic chlorite (probably from the alteration of biotite) from 
the black siltstones from the Central Chain terrane. Sample 69060.
Sedimentary history
The sedimentary facies, processes and provenance discussed above imply the presence of 
a long-lived island arc supplying coarse and fine-grained sediments to an island arc-related 
basin. The supply of sediment was probably variable with fine-grained lithologies such as 
black shales deposited during periods of low volcaniclastic supply and coarse structureless 
conglomerates deposited during periods of higher supply. Thin red siltstones and 
mudstones were probably deposited during relatively long intervals between turbidite 
events.
The sedimentary history of the Central Chain sequence begins with a long period of 
largely pelagic sedimentation producing a 100 to 150 m thick unit of hemipelagic 
sedimentation which suggests that a significant time interval separated formation of the
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ophiolite and the arrival of the first coarse turbidite from the arc. There are three possible 
interpretations for this time interval.
1. The ophiolites may have formed before the arc volcanism began in a manner similar to 
the oceanic floor in the forearc of the IBM and TK systems (Stem & Bloomer 1992; 
Hawkins 1994)
2. The ophiolites may have formed during a time interval when the productivity of the arc 
was low similar that during rifting at ODP backarc sites 791 and 792 (Taylor 1992)
3. A sedimentological barrier was present between the arc and the ophiolites which may 
have gradually filled and smoothed out during the deposition of the siltstones similar to 
small basins in the initial rifts in the Lau Basin (Cliff & Dixon 1994).
The sedimentary sequence can not be easily used to differentiate between these 
explanations, although a lack of distal tuffs within the pelagic red siltstones suggests low 
arc productivity during deposition. Both the sedimentology and the geochemistry of the 
ophiolites suggest that initial sedimentation occurred in deep water away from volcanic 
sources. Gradually volcanic sedimentation from a nearby island arc source increased 
producing a 1300 m thick sequence which coarsens upwards. Black siltstone intervals 
were probably deposited during periods of low arc productivity when altered and 
weathered sediments dominated. The bottom water within the basin remained low in 
oxygen suggesting restricted bottom water circulation. The basin probably shallowed 
through time until the Jurassic as subsidence slowed and sediment supply from the arc 
continued.
STRATIGRAPHY AND SEDIMENTOLOGY OF THE TEREMBA 
TERRANE
The Tdremba terrane, along the southwest coast of New Caledonia, contains at least 2500 
m of Permian to Jurassic volcaniclastic sediments overlying basal calc-alkaline basic and 
intermediate volcanics. Numerous biostratigraphic controls have aided detailed study of 
the stratigraphy, biostratigraphy and petrology by many geologists, including Paris et al. 
(1977), Paris (1981) Campbell (1984), Campbell and Grant-Mackie (1984), Campbell et 
al. (1985) and Challinor & Grant-Mackie (1989).
The sequence has been sub-divided into four Triassic formations by Campbell et al. 
(1985) (the Moindou Formation is thought to be a separate unit - see below) and two 
Jurassic formations by Pharo (1967 in Campbell et al. 1985, Challinor & Grant-Mackie 
1989) (Fig. 6.21). The oldest rocks are the Upper Permian volcanics, sandstones and 
siltstones (Campbell et al. 1985) and the youngest are Middle Jurassic (Callovian) fine­
grained sandstones (Challinor & Grant-Mackie 1989). The sequence is truncated by a 
paraconformity between the Upper Permian Mara Formation and the Upper Triassic
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Ouarai Formation (Fig 6.21) and an angular unconformity between the Upper Triassic 
Ouamoui Formation and the Monotis-bearing Upper Triassic Lepredour shell beds (6.22). 
The entire section is fossiliferous, containing many bivalve beds, as well as belemnites, 
ammonites and fossil wood (Paris 1981; Campbell & Grant-Mackie 1984; Campbell et al. 
1985; Salard 1968; Challinor & Grant-Mackie 1989; Vozenenin-Serra & Salard- 
Cheboldaeff 1992). Trace fossils have not been described from the Teremba terrane and 
none were observed in the rocks examined during this study.
There have been no facies analyses or studies of depositional processes undertaken in the 
Teremba area. The small amount of fieldwork undertaken in this study indicates that the 
sedimentary features are varied and well developed. Common facies include coarse­
grained structureless boulder to cobble conglomerates, graded coarse to fine-grained 
sandstone, sandstone and siltstone turbidites, massive structureless sandstones with rare 
siltstone intraclasts, massive crystal tuffs, finely laminated vitric tuffs and tuffaceous 
siltstones. The conglomerates are generally coarser than those from the Central Chain 
terranes, and the sequence contains vitric tuffs and interbedded volcanics which are rare in 
the Central Chain terrane. These facies show that although the environment of deposition 
was shallower and probably closer to their source than the Central Chain sequence, mass 
flows and turbidity currents were also important processes in the deposition of these 
rocks.
Sandstone petrography
Five volcaniclastic sandstones from the Teremba terrane were examined in thin section. 
These contain mafic volcanic clasts with large plagioclase, titanomagnetite and rare 
clinopyroxene crystals in a microlitic, randomly trachytic-textured groundmass. Felsic 
volcanic clasts with plagioclase and rare phenocrysts, finely laminated altered vitric tuffs, 
altered glassy or microlitic material, and large monocrystalline clast of plagioclase, 
clinopyroxene, titanomagnetite and rare quartz are also present. Some of the sandstones 
contain a significant proportion of biogenic calcite derived from shell fragments.
Three of the sandstones were point counted for the clast types outlined in Table 6.2. The 
two remaining samples were unsuitable due to their high carbonate content. These 
sandstones are similar to those from the Central Chain terrane and modem island arc 
sandstones in their proportion of quartz, feldspar and lithic fragments (Fig. 6.18). The 
sandstones on average contain slightly less quartz than the Central Chain sandstones and 
similar percentages of volcanic lithic fragments, if the high-plagioclase group of the 
Central Chain sandstones are considered an exception.
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Figure 6.21 Stratigraphy of the Teremba terrane and the Moindou sequence compared to 
the base of the Central Chain terrane. Teremba and Moindou stratigraphic 
columns modified from Paris et al. (1977), Campbell et al. (1985), Campbell 
& Bando (1985).
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Petrography of the Teremba volcanics
A possible source for the Tdremba sedimentary rocks is units related to the underlying 
Tanghi Wharf and Mara volcanics, which are petrographically similar to many of the 
sedimentary clasts. The volcanics contain basalts with large (up to 5 mm) sieve textured 
compound plagioclase phenocrysts in a coarse microlitic groundmass of plagioclase, 
clinopyroxene and titanomagnetite. A dacite (with borderline andesitic composition) from 
the Mara volcanics contains large oscillatory zoned plagioclase phenocrysts and large 
anhedral clinopyroxene phenocrysts in a fine-grained trachytic-textured groundmass 
containing plagioclase laths. One unaltered dacite from Tanghi wharf (Fig. 6.23) contains 
fresh perlitic fractured glass with large, oscillatory-zoned, fractured plagioclase, embayed 
quartz phenocrysts and minor clinopyroxene, titanomagnetite and hornblende phenocrysts. 
The samples also contain doleritic xenoliths with interlocking calcic plagioclase and 
clinopyroxenes.
Identical textures to those of the Tdremba volcanics can be found in most of the clasts 
from the Central Chain and Tdremba sedimentary rocks. Three dacites (from 64 to 68% 
S i02) from the Tdremba volcanics were point counted as a comparison with the Teremba 
and Central Chain sediments. The Dickinson-Gazzi method (Dickinson and Suzek 1979; 
Ingersol et al. 1984) was used to assign individual counts to groundmass (equivalent to 
lithic clast in sandstones) and to various phenocryst phases (equivalent to monocrystalline 
clasts). The Tdremba basalts could not be point counted accurately as groundmass 
plagioclase and clinopyroxene microliths were too close to the 0.065 mm criteria. The 
volcanics contain a similar proportion of plagioclase phenocrysts, quartz phenocrysts and 
groundmass as in the sedimentary rocks (Table 6.2) suggesting that fragmentation of the 
these volcanics would produce similar sandstones to those from the Central Chain and 
Tdremba terranes (Fig. 6.18), although the sandstones have much greater standard 
deviations, suggesting a more varied source. Some of the less common textures, such as 
strongly vesicular volcanic fragments and some large fragments of microlitic textured 
basalts with small plagioclase phenocrysts, are not represented in the Teremba volcanics, 
indicating a petrologically variable source with a similar average quartz and plagioclase 
content.
Sedimentary history
The sedimentary petrology of the sandstones, the numerous macrofossils, the fossil wood 
and the presence of major unconformities suggest that the majority of the sequence was 
deposited in shallow water (Paris 1981; Challinor & Grant-Mackie 1989, de Jersey & 
Grant-Mackie 1989). The sedimentary facies, especially the coarse conglomerates and 
tuffs, and the interbedded calc-alkaline volcanics suggest that the rocks were deposited 
close to the source, probably in a shelf margin environment.
136
Figure 6.22 Monotis shell bed from the Téremba terrane, GR 5720 75932.
Figure 6.23 Fresh dacite from Tanghi Wharf, Téremba terrane, showing large oscillatory 
zoned plagioclase fragments, orthopyroxene and minor quartz phenocrysts in 
a glassy perlitic fractured groundmass. Sample 71001; field of view 10 x 7 
mm.
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The abundance of macro-fossils throughout the section indicate that the -3300 m thick 
sequence was deposited in a shallow, gradually subsiding environment occassionally 
affected by periods of uplift and erosion. Two major sedimentary hiatuses occur in the 
Tdremba sequence. The first lasted more than 20 Ma although the underlying rocks were 
not tilted during this period. The second lasted less than 20 Ma, between the Carnian and 
the Norian (Upper Triassic), but the underlying rocks were tilted up to 40° towards the 
northeast and more than 1680 m of sediments were removed from the southwest of the 
terrane. In modem island arcs significant uplifts, tilting and erosion of the arc margin 
occurs during a number of processes including collisions (Collot et al. 1987) and arc 
rifting (Taylor 1992).
UNDIFFERENTIATED SECTIONS
The main distinguishing features of the Teremba terrane are the abundance of marine 
macrofossils and fossil wood, the presence of calc-alkaline volcanics, significant biogenic 
calcite in the sandstones and large scale unconformities. The Central Chain sequence can 
be distinguished by the presence of black siltstones with detrital illite, red siltstone and 
basal ophiolites. Many fault-bounded sedimentary sections in New Caledonia cannot be 
successfully assigned to either the Tdremba or the Central Chain terrane because 
insufficient rocks are exposed to confirm the presence of the distinguishing characteristics, 
or the sequences have some characteristics common to both terranes. Two of the largest 
undifferentiated sections are the Moindou sequence and the sequence between Thio and 
Boulouparis described below.
Moindou sedimentary sequence
The Moindou sequence outcrops immediately to the east of the Teremba terrane, across 
the Moindou Fault (Paris et al. 1977). The Moindou sequence was placed by Campbell et 
al. (1985) within the Tdremba Group rather than within the Central Chain sequence, 
however, there are many differences between the rocks at Moindou and those at Teremba. 
The Moindou sequence contains approximately 850 m of Lower and Middle Triassic 
(Paris et al. 1977; Paris 1981; Campbell & Bando 1985) black siltstone turbidites 
containing small detrital illites and Chondrites trace fossils similar to those described from 
the base of the Central Chain. Similar deep water siltstones are not present in the Teremba 
terrane, instead a major break in sedimentation occurred, suggesting that the Teremba 
terrane was undergoing erosion rather than deep water sedimentation. The Manticula and 
abundant Monotis shell beds (Paris et al. 1977) which overlie the black siltstones in the 
Moindou sequence suggest that although the basal part contains deep water deposits, the 
upper section is more shallow (Campbell & Bando 1985) and may be similar to the top of 
the Tdremba terrane. However, the Upper Triassic angular unconformity of the Teremba
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terrane is not present in the Moindou sequence as the Upper Triassic Monotis shell beds 
(GR 76052 5650) have approximately the same orientation as the Upper and Middle 
Triassic around Momda (Paris 1981). Whether the Moindou sequence represents a deep­
water portion of the Tdremba terrane, is a separate terrane of should be correlated with the 
Central Chain terrane remains uncertain.
Thio
A large zone of rocks in the centre of the island between Thio, Canala and Nassirah 
remains undifferentiated, containing sections which potentially could be affiliated with any 
of the three pre-Cretaceous terranes. Field mapping around the Koua and Nassirah 
ophiolites has revealed features which are typical of the Central Chain terrane such as 
basal ophiolites, black siltstones and structureless sandstones. Other small fault-bounded 
sections have features which are typical of the Tdremba terrane such as atomodesmatinid 
fossils (Noesmoen 1970, re-sampled by the author) and the Boghen terrane such as the 
deformed, metamorphosed pillowed basalts along the Karaka River (GR 75934 6087). 
Other undifferentiated lithologies which could belong to one or other of three terranes 
include the altered, deformed siliceous red and green sedimentary rocks criss-crossed with 
small viens of quartz, which overlie the Karaka pillow basalts. These are generally refered 
to as “tu f polycolore" and mapped as Permian in that area (eg. rocks mapped as 
“f?”Noesmoen 1970; “r” and “V” Lozes et al. 1976; “rti” Paris 1981). Similar rocks 
have also been described from the Padoua 1:50 000 sheet (Maurizot et al. 1986) and from 
the Tdremba terrane where these possibly underlie the Teremba volcanics and 
volcaniclastic sandstones (Espirat 1971). The affinity of these rocks remains problematic 
but is beyond the scope of this thesis.
CLINOPYROXENE CHEMISTRY
The composition of clinopyroxenes has been widely used in sedimentary provenance 
studies both in ancient and modem arc related sequences (Cawood 1991; Fujioka & Saito 
1992). Detrital clinopyroxenes are not usually affected by low grade alteration and 
weathering processes, and may reflect whole-rock chemical variation (Kushiro 1960; 
LeBas 1962; Nisbet & Pearce 1977; Leterrier et al. 1982; Beccaluva et al. 1989).
The clinopyroxenes from the Central Chain and Tdremba terranes are generally either 
large, rounded, monocrystalline grains (average size: 0.5 mm) or large subhedral 
phenocrysts set in an microlithic groundmass. Less commonly, they are present as small 
groundmass microphenocrysts or crystals included with plagioclase within glomerocrysts.
The compositions of the 215 clinopyroxene crystals from coarse sandstones were 
determined from six samples collected from the Central Terrane, one from Moindou, and 
two from the Tdremba terrane. Additionally 30 clinopyroxene compositions were
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determined from three dacites from Tdremba terrane volcanics. They were analysed using 
polished thin sections and a Cameca SX50 electron microprobe with wave length 
dispersive spectrometers at the University of New South Wales in Sydney. The 
clinopyroxenes are predominantly augites with a restricted range of variation in their 
composition (En35.45W 035 .45Fs10.20) (Fig- 6.24). They are generally low in Ti, A1 and 
Cr, typical of clinopyroxenes from calc-alkaline arc-related volcanics (Cawood 1991). On 
the clinopyroxene discrimination diagram of Leterrier et al. (1982), the compositions of 
the clinopyroxenes resemble those from calc-alkaline basalts from orogenic environments 
(Fig. 6.25).
The clinopyroxenes from three calc-alkaline dacites show a progressive evolution towards 
lower Ti and Al and higher Si with increasing magmatic evolution (Fig. 6.26). The 
clinopyroxenes from the sandstones are lower in Si and higher in Ti and Al on average 
than the dacites, suggesting that most of the pyroxenes were derived from more basic 
volcanic rocks such as basalts, basaltic andesites or andesites. Clinopyroxenes from one 
sandstone from the Tdremba terrane (sample TE3), collected close to the unconformity 
above the Mara volcanics, are lower in Ti and Al, and high in Si than those from the 
Tdremba and Central Chain terrane probably because they were derived from the 
underlying dacites and andesites in the Mara volcanics.
SEDIMENTARY MAJOR AND TRACE ELEMENT 
GEOCHEMISTRY
The petrography and clinopyroxene chemistry outlined in the previous section indicate that 
the source of the Central Chain and Tdremba sedimentary sequences consisted largely of 
basic to intermediate calc-alkaline series arc volcanic rocks. Whole-rock, major and trace 
element analyses of nine sedimentary rocks were undertaken in order to test the 
provenance of the volcanic detrital material. The majority of the samples analysed are 
coarse volcaniclastic sandstones from the base of the Central Chain terrane, one sample 
from the Tdremba terrane, one from the top of the Central Chain terrane in Goipin and one 
from the black siltstones near the base of Central Chain terrane. The analyses were 
undertaken at the University of New South Wales using a similar method to that outlined 
in chapter 5. Twelve whole-rock major element analyses of sedimentary rocks undertaken 
by Campbell (1984) were also included in this study. Four whole rock analyses were 
undertaken on the Tdremba volcanics, in addition to the five available from Campbell 
(1984), in order to test whether Central Chain and Tdremba terrane sandstones could have 
been derived from a source similar to the Tdremba volcanics, as suggested by the 
petrography.
The whole-rock major element geochemistry of the sedimentary rocks from both the 
Central Chain and the Tdremba terranes (Table 6.4 and 6.5) follows typical calc-alkaline
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Figure 6.24 Clinopyroxene compositions from the Central Chain and Téremba terranes 
(including those from the Téremba volcanics). Showing similarity in 
composition to clinopyroxenes from modem calc-alkaline rocks. Fields from 
Cawood (1987).
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Figure 6.25 Clinopyroxene composition from the Central Chain sandstones and Téremba 
sandstone and volcanics on the discriminant diagrams from Leterrier et al. 
(1982). The clinopyroxenes are similar to those orogenic calc-alkaline basalts.
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Figure 6.26 Percentile plots of clinopyroxene composition from individual samples from the 
Central Chain and Teremba terranes. Clinopyroxenes from the Teremba volcanics 
show increasing Si content with increasing wholerock silica. The lower Si content 
of sandstone clinopyroxenes show that they are probably derived from andesites 
and basaltic andesites. Data in molecular proportion for six oxygens.
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Table 6.4 New wholerock analyses from Central Chain terrane sedimentary rocks. All samples analysed at the University of New South Wales, Sydney. Mg# = 100 Mg2+/(Mg2++Fe2+), Fe2+ calculated from total FeO, LOI- loss on ignition at 1050°C.
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Table 6.5 New wholerock analyses from Tdremba terrane volcanics and sedimentary 
rocks. Abbreviations and Laboratory as for Table 6.4.
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differentiation trends, with decreasing FeO*, TiC^, increasing SiC>2 and relatively constant 
FeO*/MgO ratios with increasing differentiation (Fig. 6.27). There are, however, small 
systematic differences between the volcanics and the sedimentary rocks. The volcanics are 
generally lower in TiC>2, FeO and higher in AI2O3 at equivalent Si0 2  contents, suggesting 
mixing with a less calc-alkaline source. However, the relatively small amount of scatter 
away from the trend, compared to the range of silica contents, suggest that a single calc 
alkaline suite dominates the source.
The Tdremba volcanics have a typical calc-alkaline differentiation trend characterised by 
the enrichment of Si combined with depletion of Ti, Al, Fe, Mg and Ca due to the early 
withdrawal from the melt of plagioclase, olivine, clinopyroxene and significant proportions 
of titanomagnetite. The basaltic rocks are low in Mg, Cr and Ni, indicating that they are 
relatively evolved.
Alteration has remobilised the more mobile elements. CaO is depleted and Na2 0  enriched 
in comparison to sandstones and volcanics from modern island arcs (Fig. 6.28) probably 
due to albitisation of plagioclase. K2O is low showing that the Teremba volcanics and the 
source of the sedimentary rocks were dominated by low to medium-K volcanic rocks. The 
trace element data for the sandstones shows considerable scatter in Zr, Y and Ni 
suggesting mixing of sources containing different concentrations of these elements. Cr is 
uniformly low in both the sandstones and the volcanics.
Both the chemical trends for the sandstones and the volcanics are similar to the average 
calc-alkaline trend (Fig. 6.27), but differ slightly from transitional calc-alkaline and 
tholeiitic volcanics and sediments from the TK and IBM island arc systems (Fig. 6.28) 
which tend to be lower in TiC>2, AI2O3, K2O and higher in FeO*/MgO ratios. Calc- 
alkaline rocks are common in island arcs and occur in Japan, Indonesia and the New 
Hebrides, South Sandwich Islands, Antilles and Aleutian islands (Gill 1981, Ewart 1982; 
Hess 1989; Wilson 1993).
Both the Tdremba and Central Chain sandstones are similar to Triassic and Jurassic 
volcaniclastic sandstones from arc-related terranes in New Zealand. Sandstones from the 
Maitai group overlying the Dun Mountain ophiolites, and from the nearby Caples terrane 
follow similar trends with relatively high TiC>2, high AI2O3, low K2O (Fig. 6.29). The 
discriminant function diagram of Roser and Korch (1988) divides volcaniclastic sediment 
chemistry into four groups. Group PI contains sedimentary rocks derived mainly from a 
mafic source, group P2 from a intermediate source, group P3 from a felsic source and 
group P4 from quartzose continental sediments. Classification of the New Caledonian 
samples partially contradicts the results from the Harker diagrams. Although most of the 
Tdremba sandstones are as mafic or more mafic than the Central Chain sandstones (Fig. 
6.30), the discriminant diagram classifies most of the Central Chain samples within the 
basaltic PI group (similar to the Maitai terrane) and the Teremba sandstones within the
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S i 0 2 (wt%)  S i 0 2 (wt%)
Figure 6.27 Harker diagram for sedimentary rocks from the Central Chain and Teremba 
terranes, and igneous rocks from the Tdremba terrane volcanics. Data from 
Campbell (1984) included. Symbols: -Central Chain sedimentary rocks, 
o-Tdremba sedimentary rocks, -»-Tdremba volcanics, ^-Moindou 
sedimentary rocks, dotted line -average calc-alkaline suite from Ewart (1982).
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S i 0 2 (w t% ) S i 0 2 (wt%)
Figure 6.28 Harker diagram for Central Chain and Tdremba terrane sedimentary rocks and 
Tdremba terrane volcanics compared to sediments from Izu-Bonin arc-related 
basins, data from Hiscott & Gill (1992). See Figure 6.27 for symbols and 
source of New Caledonian data.
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S i 0 2 (w t % ) S i 0 2 (wt%)
Figure 6.29 Harker diagram for Central Chain and Teremba sedimentary rocks and
Tdremba volcanics compared to sedimentary rocks from the Caples (field 
with solid line) and Maitai terranes (field with dashed line) in New Zealand. 
Data from Roser and Korch (1988). See Figure 6.27 for symbols and source 
of New Caledonian data.
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andesitic P2 group (similar to the Caples and the Murihiku terranes). The separation of the 
data is caused mainly by the high CaO and low Na20 of the Central Chain sandstones 
compared to the Teremba sandstones and volcanics (Table 6.6). As these elements are 
mobile during prehnite-pumpellyite facies metamorphism, there is a strong possibility that 
the separation of these rocks on the discriminant diagram could be due to differences in 
metamorphic conditions rather than differences in the volcanic source as the Central Chain 
and Teremba sandstones are similar in all elements except for CaO and Na20. However, it 
is interesting to note that the Maitai terrane in New Zealand which contains a thick 
volcaniclastic sequence overlying an ophiolitic basement (see Chapter 7) plots within the 
PI field similar to the Central Chain terrane, and that the Teremba terrane in plot in a 
similar field to the some of the rocks from the Murihiku terrane (Fig. 6.30).
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Table 6.6 Average score for the of the discriminant function analysis (after Roser & 
Korch 1988) on Teremba and Central Chain sandstones. The table shows that 
the difference in the F2 variable between sandstones is based almost entirely 
on differences in Na20 .
The composition of the volcanic source can also be estimated from the range and the mean 
of the whole-rock sandstone compositions. The average Si02 content for the Central 
Chain sandstones is 60.4% similar to that from the Teremba sandstones (62.3%), and the 
Teremba volcanics (65.1%), indicating that the source for both the Central Chain and 
Teremba sandstones was dominated by andesitic rocks, similar to sanstones in the 
majority of arc-related basins from modern island arcs (eg. 58.7% Si02 for 270 sand 
samples from the Izu-Bonin system, Hiscott & Gill 1992). The range of the Central Chain 
sandstone compositions (56-66% Si02) is more restricted than the Teremba sandstones 
(50-70% S i0 2) which may be due to increased mixing of felsic and basic volcanic rocks 
in the Central Chain terrane or possibly due to uneven sampling of lithologies in the 
Central Chain (only coarse sandstones were analysed from this terrane).
The Harker diagrams, the chemistry of the clinopyroxene and the petrography sandstones 
all indicate that the sources of the Teremba and the Central Chain sandstones were both 
calc-alkaline ranging in composition from basalt and rhyolite but dominated by andesites.
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ISOTOPE GEOCHEMISTRY
The previous section determined that the Téremba and the Central Chain sediments have 
similar geochemistry and petrography. However, it is difficult to determine whether they 
had the same source or merely similar types of source. Nd isotope characteristics have 
been used successfully in ancient terranes to differentiate volcaniclastic sediments with 
similar petrography but different source characteristics (Frost & Coombs 1989). Nd 
isotopes are especially useful in detecting the presence of old continental recycled material, 
as they provide an estimate of the relative contribution of the old crust and the depleted 
mantle (Taylor et al. 1983; Allégre & Rousseau 1984; McLennan et al. 1990).
Generally, island arc volcanics, volcaniclastic and ocean floor basalts have high 
143N d/144Nd ratios (high £ ncj) resulting from the radiogenic decay of 147Sm to 143Nd 
from a mantle source with high Sm/Nd ratios. Igneous rocks contaminated by crustal 
material or sedimentary rocks derived from crustal recycling have low radiogenic Nd (low 
£ Nd) as the Sm/Nd ratios in the crust are much lower (Depaolo 1988) (Fig. 6.31). Due to 
the slow radioactive decay of 147Sm (half life: 106 Ga.) and relative immobility of the 
REEs during metamorphism, Nd isotopes also provide an indication of the average amount 
of time elapsed since the separation of the source material from the mantle (crustal 
remanence time; Tcr) (Depaolo 1988; Goldstein et al. 1984).
Three samples were analysed from the Central Chain terrane sedimentary rocks, one from 
a Téremba volcaniclastic sandstone and one from a Téremba volcanic. Of the three Central 
Chain samples one was from a volcaniclastic sandstone in the Mé Gu Formation, one from 
a black siltstone in the Sarraméa Formation and one from a volcaniclastic sandstone from 
Goipin (Table 6.7). The analyses were undertaken using isotope dilution and thermal mass 
spectrometry at the Centre for Isotope Studies, North Ryde, Sydney.
l o c a t i o n r o c k s a m p le 143N d / 144N d  147S m / 144N d  a g e  (G a ) ^Nd
t o d a y
^Nd
i n i t i a l
147S m / 144N d  T Cr (Ga)  
i n i t i a l
C e n t r a l  C h a i n  T e r r a n e
Sarram éa s i l t s t o n e 7 1 0 1 3 0 . 5 1 2 4 5 5 0 . 1 3 4 9 0 . 2 2 - 3 . 6 - 1 .8 0 . 1 3 5 1 1 . 3 4
M é  G u s a n d s to n e 7 1 0 1 2 0 . 5 1 2 8 4 7 0 . 1 6 0 1 0 . 2 3 4 .1 5 . 2 0 . 1 6 0 2 0 . 8 6
G o i p i n s a n d s to n e 7 1 0 0 7 0 . 5 1 2 8 5 3 0 . 1 7 2 8 0 . 1 5 4 . 2 4 . 6 0 . 1 7 3 0 1 . 1 0
T é r e m b a  t e r r a n e
Mara d a c i t e 7 1 0 0 1 0 . 5 1 2 8 9 8 0 . 1 4 0 0 0 . 2 5 5 .1 6 . 9 0 . 1 4 0 2 0 . 5 2
O u a ra i s a n d s t o n e 7 1 0 0 5 0 . 5 1 2 8 6 7 0 . 1 6 5 5 0 . 2 4 4 . 5 5 . 4 0 . 1 6 5 8 0 . 8 9
Table 6.7 Nd-Sm isotopic data for New Caledonian sedimentary rocks. Analyses were 
undertaken at CSIRO, North Ryde, Sydney with 146Sm/144Nd normalised to 
0.72190. Chondrite 143Nd/144Nd = 0.512638 was used in calculations.
The results from the Nd isotopes (Table 6.7) are similar to those from the sedimentary 
petrography. The volcaniclastic sandstones have a high radiogenic Nd content and high 
147Sm/143Nd ratios, typical of island arc volcanics and sediment from arc-related settings 
with little or no continental influence (Figs. 6.31 & 6.32). Significantly, the sandstones
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Figure 6.30 Discriminant function diagram modified from Roser and Korch (1988)
comparing wholerock composition of New Zealand sedimentary rocks with 
New Caledonian sedimentary and volcanics rocks. This diagram was 
originally devised to provide maximum separation between volcaniclastic 
sandstones from New Zealand terranes.
147Sm/144Nd
Figure 6.31 Nd isotopic composition of Central Chain and Teremba sedimentary rocks and 
Tdremba volcanics compared to modern arc volcanics and river sediments. 
Data from Hawkesworth etal. (1979), Cohen & O’Nions (1982), Goldstein et 
al. (1984), White & Patchet (1984). Symbols as for Figure 6.30.
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have higher £Nd than turbidites from the backarc and the forearc of continental based 
island arcs, such as Japan and backarc basins in intra-oceanic island arcs near continental 
material, such as the Aleutian backarc and the South China Sea (McLennan et al. 1990) 
(Fig. 6.32). This suggests that the Teremba and Central Chain sandstones are derived 
entirely from a volcanic source with no recycled continental component. The New 
Caledonian sandstones are also similar to New Zeland island-arc related terranes with little 
or no continental material such as those from the Brook Street terrane (Fig. 6.33). In 
contrast, the black siltstone has a relatively low radiogenic Nd isotope content, similar to 
some of the more radiogenic sedimentary rocks from continental arc-related basins, island 
arc-related basins close to continental material and possibly volcanogenic sedimentary 
rocks contaminated with pelagic sediments (Fig. 6.32). The contrasting Nd isotopic 
characteristics between the sandstones and the siltstone are difficult to explain using 
sedimentological models. Volcaniclastic sandstones are interbedded with the black 
siltstones throughout the basins and most of the black siltstone turbidites contain 
volcanogenic sandstone at their base, indicating that they originated from a similar 
direction. Although two separate sources are possible, a pelagic origin for the low 8 ^  
component is more likely as there are no identifiable clasts derived from continental source 
in the sandstones and significant pelagic component was identified in the black shales, 
such as recrystallised radiolarians and a high proportion of unoxydised organic material. 
Contamination of a volcaniclastic source with pelagic sediments would cause a significant 
lowering of 8 ^  values as modern pelagic sediments have a range of 8 Nd values between 
-4 and -14 with an average of ~ 12 (Goldstein & O’Nions 1981; Taylor et al. 1983).
Another possible cause for the low 8 nc1 of the shales may be due to separation of a low 
8 [\jd component from a high 8 n<i component during sedimentary processes similar to 
those reported from sandstone-mudstone pairs from modem and ancient turbidites (Frost 
& Coombs 1989; McLennan et al. 1990). In modern turbidite pairs and in ancient New 
Zealand terranes the muds can be either more or less radiogenic the sands (difference in 
8 Nd value up to 7) (Frost & Coombs 1989; McLennan et al. 1990).
The Teremba dacite has a high radiogenic isotope content but a low Sm/Nd ratio in 
comparison to the sandstones. As Sm/Nd ratios decrease with increasing fractionation, it 
confirms that the source of the sandstones was more basic than the dacite. The high 8 nc1 
value in the dacite is typical of island arc volcanics (Fig. 6.31).
The Nd isotopes from the Central Chain and Teremba terrane sandstones confirm that 
there are few or no clasts derived from an old continental source, however, the high 
radiogenic Nd content of a single black siltstone suggests that the sample was 
contaminated by either very fine-grained old continental sediment or by pelagic sediments. 
Overall, the results indicate that both the Central Chain and Teremba terrane were formed 
in island arc systems located far from emergent continental landmasses. Comparison of
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147Sm/144Nd
Figure 6.32 Nd isotopic composition of Central Chain and Tdremba sedimentary rocks and 
Tdremba volcanics compared to sediments from modern sedimentary basins. 
Modem sediment data from McLennan et a l (1990). See Figure 6.30 for 
symbols and Figure 6.31 for details of New Caledonian data.
147Sm/144Nd
Figure 6.33 Nd isotopic composition of Central Chain and Tdremba sedimentary rocks and 
Tdremba volcanics compared to sedimentary rocks from New Zealand Permian 
to Cretaceous arc-related terranes. New Zealand data from Frost and Coombs 
(1989). See Figure 6.30 for symbols and Figure 6.31 for details of New 
Caledonian data.
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the Nd isotopic composition with data from modern island arc-related basins near 
continental landmasses (McLennan et al. 1990), suggests that the Central Chain and 
Tdremba terranes were probably located at distances >200 km from the nearest emergent 
continental landmasses.
CONCLUSIONS
This chapter shows that the Permian to Jurassic sedimentary rocks in both the Central 
Chain and Tdremba terranes are mostly derived from calc-alkaline andesitic arc volcanics. 
The geochemical and petrological characteristics are almost identical, although it is still 
uncertain whether the two sequences belonged to the same island arc or to separate arc 
systems.
Detailed stratigraphic analysis of both terranes could answer this question especially if 
tectonic events could be correlated between the terranes. However, differences in the 
depositional environment make stratigraphic correlation difficult, and the understanding of 
the stratigraphy of the Central Chain terrane remains largely incomplete and the 
biostratigraphic constraints are poor. A possible temporal correlation may exist between 
major unconformities in the Tdremba terrane and the deposition of black siltstone in the 
Central Chain terrane. This is suggested by the few fossiliferous rocks in the Central 
Chain terrane and Moindou sequence, however, the stratigraphy of the Central Chain 
sequences needs to be much better constrained before this hypothesis can be tested. Until 
a detailed stratigraphy of the Central Chain terrane is available the two must be considered 
to be separate and retain their separate names.
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CHAPTER 7
TECTONIC AND GEODYNAMIC HISTORY OF THE CENTRAL CHAIN AND TEREMBA TERRANES
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INTRODUCTION
The Central Chain and Tdremba terranes resemble arc-related terranes in New Zealand and 
eastern Australia in terms of age and depositional and lithological characteristics, although 
direct lithological correlations are impossible as their depositional environments, 
volcaniclastic sources and tectonic histories differ considerably. The terranes were 
probably formed within a complex arc system offshore the margin of Gondwana and in 
the paleo-southwest Pacific Ocean. Their geodynamic history, subduction polarity and 
orientation is difficult to constrain as the terranes were fragmented and transported to their 
present location through plate tectonic processes. Using a combination of new and 
previously published paleobiogeographic and structural information this chapter attempts 
to constrain the geodynamic history of the terranes, and examines possible relationships 
with similar terranes in the southwest Pacific.
PALEOBIOGEOGRAPHY
A small amount of paleogeographic data from New Caledonia has been published as part 
of several studies on macrofossils (Paris 1981; Campbell et al. 1985; Silberling 1985; 
Challinor & Grant-Mackie 1989), palynomorphs (de Jersey & Grant-Mackie 1989) and 
fossil wood (Vozenin-Serra & Sallard-Cheboldaeff 1992). Much of this work was 
undertaken on the Teremba terrane, although a few studies also examined the Central 
Chain terrane (eg. Paris 1981; Challinor & Grant-Mackie 1989). The majority of the 
common fossil taxa from the Tdremba terrane occur in smaller numbers in the Central 
Chain terrane (Paris 1981), however, most species and genera identified so far in the 
Central Chain have a cosmopolitan distribution.
The majority of the macrofossils within the Tdremba terrane are also found in Permian to 
Cretaceous volcaniclastic terranes in New Zealand, and many are endemic to these islands 
(Stevens 1980; Challinor & Grant-Mackie 1989). These similarities led to the recognition 
of the “Maorian” Triassic and Jurassic biogeographic province (Benson 1928; Paris 
1981; Challinor & Grant-Mackie 1989). This province was though to have been located in 
a cool temperate climate at a high latitude (>50°S) on the southeast coast of Gondwana 
(Stevens 1980), based on the similarity of New Zealand plant fossils to the Gondwana 
floras (eg. Retallack 1985). However, many studies have shown there was no definite 
source or stratigraphic relationship between the New Zealand terranes and that these may 
have originated far from their present location (Bradshaw 1989; Frost & Coombs 1989; 
Ballance & Campbell 1993). It is therefore uncertain how close the “Maorian” province 
originated to the Gondwana margin, how far it extended into the paleo-Pacific Ocean or 
how broad this province was.
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The palynofloras from the Teremba terrane belong to the cool temperate Ipswich 
Microflora, with many species in common with both Australian and New Zealand 
assemblages (de Jersey & Grant-Mackie 1989). Fossil wood from the Triassic and 
Jurassic rocks in the Teremba terrane contains marked growth zones characteristic of cold 
climates, and have strong Gondwana affinities (Vozenin-Serra & Sallard-Cheboldaeff
1992) . This suggests that although the Teremba terrane contains no sedimentological 
evidence for a nearby continental mass, the paleoflora and palynofloras have strong links 
with the Australian margin of Gondwana.
CORRELATING NEW CALEDONIAN, NEW ZEALAND AND 
AUSTRALIAN TERRANES
Previous studies have shown or suggested that there are many similarities between the 
Teremba and Central Chain sequences of New Caledonia, and the Maitai, Caples, 
Murihiku and Brook Street terranes in New Zealand (Benson 1928; Paris and Bradshaw 
1977; Campbell & Grant-Mackie 1984; Cawood 1984; Campbell et al. 1985; Waterhouse 
& Sivell 1987; Ballance & Campbell 1993) and the Gympie terrane in eastern Australia 
(Waterhouse & Sivell 1987) (see Fig. 7.1 for location). These include fossil content, 
sedimentation, age and present tectonic setting.
The Teremba terrane in particular has many similarities with the Murihiku terrane in New 
Zealand. These include fauna (Campbell & Grant Mackie 1984; Ballance & Campbell
1993) , palynomorphs (de Jersey & Grant Mackie 1989), a volcaniclastic source dominated 
by andesite (Roser & Korsh 1988) and a similar age range, although slightly older rocks 
are exposed in the Teremba terrane (Campbell & Grant Mackie 1984). There are also, 
however, some important differences between the two. The Murihiku terrane contains 
granite and continental-derived clasts (Boles 1974; Frost & Coombs 1989; Ballance & 
Campbell 1993), a much thicker stratigraphic sequence, despite having a shorter age range 
(Campbell & Grant-Mackie 1984) and a deeper deposition environment during the 
Triassic, although it becomes shallower in some areas during the Jurassic (Ballance 1988). 
The Murihiku terrane also lacks the interbedded volcanics and the middle Triassic angular 
unconformity present at Teremba. The thick sedimentary sequence in the Murihiku terrane 
and the increasing shallowness of the deposition environment in the Jurassic is closer to 
that of the Central Chain terrane, however, the Central Chain terrane is much less 
fossiliferous, contains finer grained lithologies and has no continental or granitic material.
Both the Maitai terrane (Davis et al. 1980; Cawood 1987; Pillai et al. 1991) and the 
Central Chain terrane contain an ophiolitic basement overlain by deep water volcaniclastic 
sediment, although the details of the stratigraphy differ considerably. The Dun Mountain 
ophiolite at the base of the Maitai sequence is overlain by breccias and limestone while the 
Central Chain ophiolites are overlain by pelagic siltstone. Quartz-rich sandstone similar to
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Figure 7.1 Reconstruction of the eastern margin of Gondwana at 100 Ma, just after the 
accretion of the Late Carboniferous to Early Cretaceous arc-related terranes 
and prior to the opening of the Tasman Sea and the New Caledonia Basin. 
Plate boundaries and positions after Yan & Kroenke (1993), New Zealand 
terranes after Sporli & Ballance (1989), New England Orogen and 
Carboniferous-Permian arc system after Day et al. (1978).
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that of the Tramway Formation (Landis 1980) is not known from above the Central Chain 
ophiolites. Black siltstones similar to those of the Sarraméa Formation have not been 
reported from the Maitai terrane.
Although some previous studies have correlated the Brook Street and Téremba terranes 
(eg. Waterhouse & Sivell 1987) there are very few similarities between the two beyond 
their depositional environment. They both contain volcaniclastic sandstones interbedded 
with arc volcanics deposited close to island arc volcanic centres, however, the 14 km thick 
Brook Street sequence is much thicker than the sequence at Téremba and was deposited 
entirely during the Permian (Houghton & Landis 1989) rather than between the Permian 
and the Jurassic. The interbedded volcanics from the Brook Street terrane are of primitive 
tholeiitic island arc character (Sivell and Rankin 1983) rather than the strongly calc- 
alkaline volcanics from the Téremba terrane which were described in the previous chapter.
Similarly, the tholeiitic volcanics overlain by Permian and Triassic volcaniclastic rocks 
from the Gympie terrane in eastern Australia (eg. Sivell & Waterhouse 1988) appear to 
have little in common with the New Caledonian terranes, although the stratigraphic 
thickness and the geochemistry and petrography of the sediments are not well constrained, 
making detailed comparisons difficult. The Gympie terrane contains rocks dating from the 
Permian to the Triassic, but unlike the New Caledonian terranes significant metamorphism 
and folding occurred in the Permian and accretion to Gondwana probably occurred during 
the Triassic (Murray 1990; Aitchison & Flood 1991). The Gympie terrane also contains 
bioclastic atomodesmatinid limestone (Murray 1990) which is not found in the Téremba 
terrane.
Other terranes, such as the Caples and Torlesse terrane in New Zealand, differ 
considerably from the Central Chain and Téremba terranes in terms of stratigraphy, 
deposition, sedimentary source and tectonic history, and represent trench slope and 
subduction complexes with mixed continental and volcaniclastic sediments (Roser et al. 
1993). It is possible that the Caples and Torlesse are similar to the Boghen terrane in New 
Caledonia. All three terranes contain schists and alkaline basaltic rocks (Dr. D. Cluzel 
UFP, Nouméa, pers. comm .; Roser et al. 1993), however so little is known of the 
tectonics, structure and geochemistry of the Boghen terrane that it is impossible to make 
precise comparisons at present.
This brief comparison (see also Table 7.1) shows that although the New Zealand, eastern 
Australian and New Caledonian terranes contain Permian to Cretaceous volcaniclastic and 
volcanic rocks with many similar fossils, they differ in their source characteristics, 
stratigraphy, age, deposition environment and tectonic history. The variations between the 
Murihiku, Brook Street and Téremba terranes are significant and may reflect wide 
geographical separation.
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The New Zealand and New Caledonian terranes can also be compared to different sections 
of modem arc systems in the southwestern and western Pacific, composed of multiple, 
often overlapping subduction zones and arc segments, each with differing orientation, 
magmatic sources and separate tectonic history. For example, the New Hebrides Arc faces 
west, contains calc-alkaline volcanics (Picard et al. 1994), and has undergone an arc flip 
(Collot et al. 1992) while the Tonga-Kermadec Arc faces east, contains tholeiitic arc 
volcanics (Ewart et al. 1977) and was rifted during the formation of the Lau Basin 
(Hawkins 1994). The Lau rift extends over approximately half of the TK system so that 
the tectonic history of the northern section differs to that of the south. Drilling transects 
across modem island arcs (eg. Taylor et al. 1992; Hawkins et al. 1994) show that there 
are very few sedimentological and geochemical correlations between different parts of arc 
segments, even in sites that are relatively close to each other. For example, local 
sedimentary sources and ocean floor topography determines the composition and 
deposition rates at many sites in the Lau Basin (Bednarz & Schmincke 1994). Localised 
isostatic readjustment during rifting in the Izu-Bonin Arc causes a hiatus close to the arcs 
and the beginning of deposition in the arc rift 10 km away (Taylor 1992). This type of 
variation in ancient arc systems causes the type of diversity and complexity observed in the 
Late Carboniferous to Early Cretaceous terranes from New Caledonia, New Zealand and 
Australia. The broad similarities in age, sedimentology, faunas, and tectonic setting suggest 
that these terranes formed a complex island-arc system similar to the modern system 
described above.
An important aspect of modem western Pacific island arcs is that subduction was initiated 
roughly at the same time along the western Pacific margin during the Eocene (Kroenke 
1984; Stern & Bloomer 1992; Hawkins 1994). This is similar to the synchronous 
initiation of arc activity in many of the terranes during the latest Carboniferous or Early 
Permian (Table 7.1). Both the modem and ancient southwest Pacific systems probably 
evolved into complicated arc configurations similar to those in the modem New Britain- 
Solomon area (Kroenke 1984), due to localised rifting, collision and possible subduction 
flips.
Triassic to Cretaceous arc-related magmatism is also present in island and continental arc- 
related terranes along the Pacific margins of Antarctica, the Antarctic Peninsula and the 
Andes in South America (Baker 1982; Dalziel & Forsyth 1985; Bradshaw 1989). The 
Andean-Antarctica system probably began in the middle Triassic (Dalziel & Forsyth 
1985) rather than the Permian or latest Carboniferous, but it may have formed a relatively 
continuous convergent margin province along the Australian margin of Gondwana during 
the Triassic and the Jurassic.
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INITIATION OF THE ARC SYSTEM
Very little is known of where and why the Late Carboniferous to Cretaceous system 
developed. Modern island arcs are thought to initiate at transform faults between old and 
young oceanic crust (Stern & Bloomer 1992; Hawkins 1994) or at spreading ridges 
during plate reorganisations (Casey & Dewey 1984). Initiation of the Late Carboniferous 
to Early Cretaceous system of island and continental arcs coincides with the beginning of 
a period of strike slip or oblique convergent tectonics (Aitchison & Flood 1992) between 
the Carboniferous Andean style arc magmatism (McPhie 1987) and Permian and Early 
Triassic continental arc volcanism on the Australian margin of Gondwana in the New 
England Orogen (Harrington & Korch 1985). This suggests that plate reorganisations as 
a result of global changes in plate motion or collisions could be responsible for the 
initiation of the system. However, uncertainty of the paleo-position and orientation of the 
Permian to Cretaceous arcs and the complexity of eastern Australian tectonics during that 
period (Aitchison & Flood 1992), do not allow the development of precise geodynamic 
models.
TERMINATION OF THE ARC SYSTEM
The termination of arc volcanism in the Central Chain and Teremba terranes, their 
amalgamation with the Boghen terrane and their accretion to the eastern margin of 
Gondwana occurred at some time during the 50 Ma hiatus between the deposition of the 
Tithonian (Upper Jurassic) volcaniclastic sandstone and black siltstone in the Central 
Chain terrane (Paris 1981; Maurizot et al. 1986; Challinor & Grant-Mackie 1989) and the 
deposition of Coniacian (Upper Cretaceous) quartz-rich conglomerate and sandstone 
(Paris 1981) above a major angular unconformity.
The structures formed during the terrane amalgamation have never been studied in detail, 
but observations of faults and folds have been made through a number of regional studies, 
both in the Teremba (Campbell 1984; Campbell et al. 1985) and the Central Chain terrane 
(Guerange et al. 1975; Guerange et al. 1977; Lozes et al. 1977; Maurizot et al. 1986; this 
thesis). The structures in the Boghen terrane have not been studied.
Structures formed during terrane accretion
The folds and faults formed during amalgamation are well preserved in the central section 
of the island, near Koh, Sphinx and Tarouimba ophiolites and in the Teremba terrane on 
the west Coast. In the north (eg. near the Cantaloupai ophiolite) these structures were 
extensively overprinted by a pervasive schistosity and numerous faults during the Eocene 
ophiolite emplacement. In the south (eg. near the Pocquereux, Koua and Nassirah 
ophiolites) the pre-Late Cretaceous structures are overprinted by Eocene low angle thrust 
and normal faults.
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The style of the pre-Late Cretaceous in the Central Chain terrane have been described by 
Gudrangd et al. (1977), Lozes et al. (1977) and Maurizot et al. (1986) mainly from 
observations from the structural block north of the Sphinx ophiolite (Fig. 7.2). These 
authors describe and map 1-10 km scale folds with near horizontal fold axes striking 100- 
150°, steeply dipping axial planes and isoclinal limbs dipping mainly towards the east. 
Cleavage development is rare although it has been noted in some of the black siltstone 
(Gudrangd et al. 1975; Paris 1981; Maurizot et al. 1986). Although some previous 
researchers (Lozes et al. 1977; Gudrangd et al. 1977) proposed that the entire sequence 
was overturned after folding, a more recent interpretation (Maurizot et al. 1986), supported 
by the observation above the Koh, Sphinx, and Pocquereux ophiolites during this study, 
shows that the folds are upright with steeply-dipping sometimes overturned limbs. The 
best example of this type of fold is the Goipin syncline where Jurassic rocks at the centre 
of the syncline crop out over 40 km (Fig. 7.2).
The deformation of the meta-sedimentary, basic meta-volcanic rocks from the Boghen 
terrane may also have occurred during this period. Although deformation and 
metamorphism of these rocks is referred to as “pre-Permian” (Paris 1981), Late Jurassic 
and Early Cretaceous (159-128 Ma) whole rock K-Ar and Ar-Ar dates (Blake et al. 1977) 
suggest that the metamorphic minerals and the pervasive foliation formed much later. 
These radiometric ages overlap the end of sedimentation in the Central Chain in the 
uppermost Jurassic, indicating that metamorphism and deformation occurred prior to 
amalgamation with the Central Chain terrane. The origin, tectonic setting and structural 
history of the Boghen terrane remains unknown, however, the Late Jurassic-Early 
Cretaceous blueschist facies metamorphism suggests a subduction-related setting 
(Aitchison et al. 1995).
Strike slip faulting
The regional folds in the Central Chain, Tdremba and Boghen terranes described above are 
crosscut by vertical or steeply dipping faults striking mostly 105-150°. These subparallel 
faults divide the Central Chain terrane into narrow blocks, 1-20 km long and 0.7-4 km 
wide, with low angle terminations, similar to the fault pattern described by Campbell et al. 
(1985) in the Tdremba terrane. This type of faults also form the pre-Cretaceous terranes 
boundaries, but have only a slight effect on the Late Cretaceous and Palaeogene sequences, 
implying that they were active prior to the Late Cretaceous and that large displacements 
occurred. The cross-cutting relationships of the faults with the previously described folds 
(Fig. 7.2) indicate that they formed after initial regional folding of the Central Chain 
terrane, and probably after amalgamation of the three pre-Cretaceous terranes.
The steep dip of the faults suggests that displacement was mainly strike-slip (Paris 1981). 
Other evidence for strike-slip motion includes the dextral 8-10 km offset of the Tarouimba
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Figure 7.2 Regional structure of part of the Central Chain terrane. Note how the
Goipin regional syncline is cross-cut by numerous vertical faults both on 
the map and the cross-section. Also note the dextral strike-slip fault which 
separates the Sphinx and Tarouimba ophiolites. The map and cross section 
are after from Maurizot et al. (1984) and Maurizot et al. (1986) with 
minor modifications in the shape of the Sphinx and Tarouimba ophiolites. 
The shape of the faults and folds are those drawn by the original authors.
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ophiolite from the Sphinx ophiolite along a vertical fault striking 105° (Fig. 7.2) and the 
presence of a vertical well-developed foliation in a zone of small anastomosing faults along 
the Koh-Koindd Fault.
The sense of displacement on the majority of these faults is difficult to determine due to 
the lack of good markers from one block to another and the minor reactivation of most of 
the faults during the Eocene thrust tectonics (Maurizot et al. 1985a; Maurizot et al. 
1985c). The offset of the Koh ophiolite stratigraphy along the faults suggests either 
sinistral displacement or a combination of sinistral and southwest side up displacement, to 
account for the anticlockwise rotation of some blocks and the offsets of the beds. The 
offset of the Tarouimba and Sphinx ophiolites suggests dextral motion along a vertical 
fault striking 105°. A more detailed structural analysis is required to determine the overall 
sense of displacement as strike-slip faults within the same system can have opposing 
displacement depending on the rotation of the blocks (eg. Reading 1980).
The broad open regional-scale anticlinal structures of the Moindou area, and the faulted 
anticline and syncline with steeply dipping fold axes above the Koh ophiolite were 
probably formed by a combination of the folding described previously, followed by drag 
folding during strike-slip tectonics.
Plate tectonic evidence for a Cretaceous strike slip regime
As the sense of displacement of the strike-slip event could not be resolved using field 
evidence, the local tectonic environment was calculated for New Caledonia using plate 
tectonic reconstructions and plate rotation vectors from Muller et al. (1990), Muller et al. 
(1993). These calculations assume that New Caledonia was located on the boundary 
between the Pacific plate and the Indo-Australian plate between 100-90 Ma, similar to that 
shown in most tectonic reconstructions (eg. Bradshaw 1989; Veevers et al. 1991; Yan & 
Kroenke 1993; Luyendyk 1995). There are some indication that a more complicated plate 
configuration was present in this area (see Chapters 8 and 9) but it is likely that the 
regional events relate to the interaction of the Australian and Pacific plates. The 100-90 Ma 
vectors are calculated without taking the spreading of the Tasman Sea into account as it 
occurred after that period (Veevers et al. 1991). The spreading in the Tasman Sea between 
96 and 56 Ma will, however, tend to lessen the rate of extension between the eastern 
Australian continental fragments and the Pacific plate after 90 Ma .
The plate vectors and relative poles of rotation between the Australian and Pacific plates 
predict a slow dextral strike-slip regime for New Caledonia after the accretion of the 
terranes to the eastern margin of Gondwana in the Early Cretaceous (Fig. 7.3) followed by 
an extensional regime in the Late Cretaceous. Using these reconstructions together with 
the structures observed in the field and those described by previous authors a three-stage 
structural evolution is proposed:
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Figure 7.3 Vector diagram for the Pacific plate relative to continental fragments on the 
eastern margin of the Australian plate. For each location (assumed to 
remained fixed at the centre of the diagram) velocity and direction of the 
Pacific plate(relative to that location) is plotted for different time periods.
The vectors were calculated using Norfolk Rise-Lord Howe Rise-Australian 
plate-Indian Ocean hotspot-Pacific hotspot-Pacific plate circuit using data 
from Müller et al. (1990), Müller et al. (1993) and unpublished data from Dr. 
D.R. Müller. The data shows the Pacific plate was moving to the southeast or 
remaining stationary compared to New Caledonia during the Cretaceous.
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1. During amalgamation of the terranes a compressional episode caused the large-scale 
regional folding with horizontal fold-axes of the Central Chain and Tdremba terranes. 
Deformation in the Boghen terrane could also have occurred during this event or possibly 
during a combination of this event and an earlier episode.
2. A dextral strike-slip episode occurred after the amalgamation of the Teremba, Central 
Chain and Boghen terranes. It resulted in the formation of both dextral and sinistral 
vertical faults which divide the terranes into small blocks (1-20 km long). These blocks 
were redistributed and juxtaposed throughout New Caledonia and probably along sections 
of the Norfolk Ridge.
3. A Late Cretaceous regional extensional event followed the strike-slip faulting and 
caused passive margin sequences to develop in New Caledonia during the opening of the 
New Caledonian Basin and the Tasman Sea.
These tectonic events were probably quite different to those which occurred during the 
accretion of the New Zealand Permian to Jurassic terranes. The New Zealand pre- 
Cretaceous terranes form broad belts on Cretaceous reconstructions (Fig. 7.1), indicating 
less fragmentation during strike slip tectonics than occurred in New Caledonia. Plate 
vectors predict an extensional environment along the New Zealand segment at the same 
time as strike slip tectonics were affecting New Caledonia.
Island arc collision & obduction
Typically, collision and termination of intra-oceanic island arcs and ophiolite obduction 
occurs during attempted subduction of continental material during the closure of ocean 
basins (Gealey 1980; Casey & Dewey 1984; Leitch 1984). This model has been used to 
explain the obduction of large ultramafic nappes onto passive margins such as the Bay of 
Islands (Casey & Dewey 1984), and the Eocene obduction of New Caledonia (Aitchison 
et a l 1995). The collision causes roughly horizontal ophiolites to be obducted along 
gently dipping thrust faults underlain by a series of nappes including syn-collisional 
sediments deposited in a foreland basin. Modem island arc-continent collisions, such as 
those in northern Papua New Guinea (Abbott et a l 1994) and Timor (Milsom & Audley 
Charles 1987) produce similar structures.
The Central Chain ophiolite and the New Caledonian pre-Cretaceous terranes show none 
of these features. The deep ultramafic section of the ophiolite is not exposed, the boundary 
faults are vertical and there is a thick sedimentary sequence above the ophiolite but no 
sedimentary rocks which can easily be related to the terrane amalgamation event. There are 
no structures which suggest that the island arc-related basins were thrust over continental 
material. Although post-obduction tectonics could hide some of the original structures, 
they are unlikely to have been totally removed by the strike-slip tectonism evident in the 
terranes. Nevertheless, the island arc terranes must have travelled towards, and been
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accreted to, the Gondwana margin in order to account for the sudden influx of quartz-rich 
sediments which includes pre-Cambrian detrital zircons (Aronson & Tilton 1971) in the 
Late Cretaceous.
The structural history outlined above shows that instead of nappe and thrust tectonics 
during the terrane amalgamation, broad regional folding was followed by strike-slip 
tectonics. The thickness of the sediments within the basins (<7000 m) and the age of the 
ophiolitic basement (<100 Ma) may account for the lack of thrust tectonics, and may also 
have prevented the ophiolites from riding above the continental margin of Gondwana. 
Neither the Teremba or the Central Chain terrane are greatly deformed, they have low 
grade, mainly prehnite-pumpellyite metamorphism (see Chapter 4), and Mesozoic cleavage 
development occurs only in the black siltstone. The Boghen terrane however, is strongly 
deformed, contains blueschist facies metamorphism and may have been involved in major 
thrust and collision tectonics, although, as there have been no structural studies, and it is 
difficult to establish its role in the accretion of the pre-Cretaceous terranes.
The minor deformation of the Teremba and Central Chain terranes could indicate that 
island-arc continental collision in New Caledonia did not occur during the attempted 
subduction of the Gondwana margin by a west-facing island arc, but that changes in 
subduction vectors at an island arc facing away from Gondwana caused arc compression, 
shortening of marginal basins and collision. Two mechanisms have been suggested for 
New Caledonia and other ophiolites in the circum-Pacific region which could result in 
these events: ridge collision, and changes in global plate tectonic vectors causing increased 
rates of convergence.
Ridge collision
Between the Cretaceous and the present day, subduction along the Antarctic Peninsula is 
thought to have terminated gradually from west to east as the Pacific-Farallon spreading 
centre collided with the continental arc margin (Baker 1982). Bradshaw (1989) argues that 
the Phoenix-Pacific spreading ridge collision caused the terrane amalgamation and the 
slow cessation of subduction during the Cretaceous in both New Zealand and New 
Caledonia. Luyendyk (1995) argues that not all of the Phoenix-Pacific spreading ridge 
was subducted and a small segment remains off-shore from New Zealand. As there is no 
published evidence for magnetic anomaly patterns formed by the Pacific-Phoenix Ridge 
near New Caledonia or New Zealand, the main evidence for ridge subduction is the overall 
change of the margin from a convergent to an extensional system during the Early 
Cretaceous, at approximately the same time as plate reconstructions of the Pacific predict 
that this ridge may have been present in the vicinity. The gradual shift of New Caledonia 
tectonics from subduction to compression associated with terrane amalgamation, to strike- 
slip tectonics and finally extensional tectonics suggest that a gradual reversal in plate
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vectors took place between the Jurassic and the Late Cretaceous. Subduction of spreading 
ridges can cause this type of reversal. In the North American Cordilleras, change from 
compressional to a combination of strike-slip and extensional tectonics during the Tertiary 
was partially caused by a reduction in plate convergence and the subduction of the 
Farallon-Pacific spreading centre (Coney 1987). However, the ridge collision postulated 
by Luyendyk (1995) is much younger (~40 Ma) than the end of sedimentation in the 
Central Chain and Teremba terranes. The termination of the Central Chain and Teremba 
terranes is more likely to be related to other factors such as subduction of the Phoenix- 
Pacific spreading ridge before the 2000 km southwards jump of the Phoenix-Farallon- 
Pacific triple junction (122 Ma, Joseph et al. 1993; Luyendyk 1995) or to earlier changes 
in plate vectors during the early history of the Pacific plate (eg. Larson et al. 1992).
Changes in plate vectors
Changes in plate vectors can greatly affect subduction and compression along convergent 
margins (Coney 1987). Some ophiolites, such as the Rocas Verdes back-arc basin and 
ophiolites in South America, are thought to have been obducted during strong 
transpression of the backarc as a result of increased extension in the Atlantic and between 
South America and Antarctica, producing increased convergence along the Pacific margin 
(Dalziel 1986; Cunningham 1995).
The Late Jurassic and the Early Cretaceous were periods of major change in global 
tectonics with the final stages of the break-up of Gondwana and the opening of many 
ocean basins (Dalziel et al. 1987). The opening of the New Caledonia Basin shortly after 
the accretion of the terranes to the Gondwana margin suggests that global changes in plate 
vectors were at least partially responsible for the reversal in tectonic style from 
convergence to extension. The Jurassic and Cretaceous north Pacific magnetic anomalies 
require a four to six plate configuration to account for their distribution (Larson et al. 
1992). This complex configuration and the large amount of subducted ocean floor 
separating these plates from the Gondwana margin where the New Caledonian island arc 
terranes were accreted, results in extreme uncertainty in extrapolating Jurassic and Early 
Cretaceous plate boundaries in the southwest Pacific. To add to this uncertainty, the 
orientations of the arcs which formed the New Caledonian terranes before their accretion 
to Gondwana are unconstrained. It is therefore almost impossible to determine the changes 
in the rates of convergence prior to 100 Ma and to evaluate the role played by changes in 
plate vectors in the termination of the New Caledonian pre-Cretaceous arcs.
GEODYNAMIC HISTORY OF THE SYSTEM OF ISLAND ARCS
The Teremba and Central Chain terranes were generated within a complex regional system 
of island arcs, close enough from the Gondwana continent to share similar flora but far
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enough away to be devoid of continent-derived sediments. Initiation of this system 
occurred at the same time as arc magmatism was terminating and strike-slip tectonics were 
affecting eastern Australia. Subduction-related deposition also began in a number of arc- 
related terranes in New Zealand and eastern Australia at this time. This suggests 
synchronous initiation of subduction over a wide area in the southwest Pacific.
Comparison of the New Caledonian terranes with those of New Zealand and eastern 
Australia indicates no conclusive genetic relationship beyond their present location and 
their arc-related character. The diversity of tectonic and source histories recorded within 
the terranes suggests they were formed within a complex system involving multiple 
continental and island arcs.
Termination of the arc system and the amalgamation of the pre-Cretaceous terranes 
occurred in the Late Jurassic or the Early Cretaceous when mild compressional tectonics 
affected the Teremba and Central Chain terranes and blueschist metamorphism affected 
the Boghen terrane. The termination could have occurred as early as the Late Jurassic, 
possibly during global changes in plate vectors, ridge subduction or arc continent- 
collision. If collision between the island arcs and the Gondwana continent occurred, the 
Teremba and Central Chain terranes were located far from the main collision zone and 
were not greatly affected by it. The Boghen terrane may contain evidence of such a 
collision, but further studies are required before this can be confirmed. The mild structural 
deformation on the terranes is more consistent with termination due to global changes in 
plate vectors, ridge subduction, oblique convergence or strike slip juxtaposition rather than 
head-on collision.
Amalgamation and compressional tectonics in the pre-Cretaceous terranes was followed 
by dextral strike-slip tectonics due to the southeast motion of the Pacific plate compared to 
the Australian plate. Further changes in the relative plate vectors caused divergence 
between the two and extensional tectonics in New Caledonia after 90 Ma.
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CHAPTER 8
LATE CRETACEOUS AND 
CENOZOIC TECTONIC EVOLUTION 
OF NEW CALEDONIA
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INTRODUCTION
This chapter describes geological features of New Caledonia which developed after the 
Early Cretaceous termination of the island arc systems described in the previous chapter. It 
includes both a review of the literature and new observations on the structures, 
sedimentology and chemistry of Cretaceous and post-Cretaceous rocks in New Caledonia.
These rocks formed during three tectonic phases (Aitchison et al. 1995):
1. From the Late Cretaceous to the Early Eocene extensional tectonics caused the 
subsidence of the New Caledonia platform and the formation of the New Caledonia Basin 
and the Tasman Sea.
2. During the middle and Late Eocene collisional tectonics resulted in the obduction of two 
nappes of ophiolitic rock and deposition of a foreland basin sequence in front of the 
advancing nappes.
3. During the Late Eocene to Oligocene post-orogenic collapse resulted in the formation 
of a metamorphic core complex in the north of the island
The characteristics of these units (Fig. 8.1) and their relationships (Fig. 8.2) are described 
in this chapter, while the relationships of these rocks to the tectonics of the southwest 
Pacific are discussed in Chapter 9. These rocks provide information on the development of 
the modem island arc systems in the southwest Pacific, and the initiation and termination 
of island arcs. Combined with the data from the previous chapters, they also provide a 
long-term tectonic history for dispersed portions of the eastern Gondwana margin.
CRETACEOUS AND PALEOCENE OVERLAP SEQUENCE
The Cretaceous and lower Eocene sedimentary sequence in the Central Chain area was 
closely examined above the Koh ophiolite on Mt Rembai and the Boghen terrane at Table 
Unio. These exposures provide an excellent summary of the main lithological 
characteristics as the sequence was not extensively deformed during the obduction of the 
ophiolite nappes during the Eocene. The sequence was previously described by Gonord 
(1970) but this study has redefined the location of many of the boundaries of the units 
(see Map 1).
The rocks dip up to 15° towards the northeast and were deposited above an angular 
unconformity surface of similar orientation (Fig. 8.3). Sedimentary rocks deposited above 
the basal unconformity consist of 20-30 m of sandy matrix-supported conglomerate 
containing rounded pebble-sized clasts of metamorphic, volcanic and volcaniclastic rocks 
largely derived from the three pre-Cretaceous terranes (Fig. 8.4). The matrix contains 
monocrystalline quartz , plagioclase, opaque minerals, epidote and carbonate cement. The 
conglomerate is overlain by 50-180 m of quartz-rich sandstone (Fig. 8.5) containing small
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sedimentary sequences
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Figure 8.1 Geological map of New Caledonia including locations mentioned in the text. 
After Paris (1981), Maurizot et al. (1986) and Cluzel et a l (1994).
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Figure 8.2 Schematic regional cross sections showing the relationship between the pre- 
Cretaceous terranes, the passive margin sequence, the Eocene syn-collisional 
sequence and the ophiolitic nappes. Modified from Paris (1981 ). See Figure 8.1 
for location of cross sections. Vertical exagération - 2.
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Figure 8.3 Angular unconformity at Mt Rembai (unconformity surface marked with a 
dotted line) between steeply dipping black siltstone turbidites from the 
Sarramda Formation (lower left) and the overlying sub-horizontal Cretaceous 
sandstones (upper right), GR 5875 76117.
Figure 8.4 Cretaceous conglomerates close to the Cretaceous angular unconformity with 
the Boghen terrane, Oudnouaou, Mdchin. The clasts consist entirely of 
Boghen terrane schists, GR 5764 76247.
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(Fig. 8.5) containing small marine bivalves, indicating a marine depositional environment. 
Point-counting of this sandstone shows a high proportion of quartz and a low proportion 
of lithic fragments (Pikoulas 1991) (Fig. 8.6), characteristic of continent-derived 
sediments (Dickinson et a l  1983). At the top of the sandstone unit there is an increase in 
carbonate content and the rocks grade into marls containing planktonic foraminifers. 
These marls are overlain by 100-170 m of fine-grained black chert (typically referred to as 
“phtanite” by French authors) containing radiolarians, sponge spicules and rare diatoms 
in a fine-grained siliceous groundmass.
Elsewhere in the Central Chain the character of the sequence remains similar although the 
details differ. The overall thickness varies from 200-300 m at Mt Rembaï and Table Unio 
to 1000-2000 m at the Col de la Boghen between Moindou and Bourail (Fig. 8.2). This 
indicates that localised basins and highs were present during this period (Maurizot et a l 
1986), probably as a result of block rotation and subsidence during extension of the 
continental crust. In some areas the basal conglomerate is up to 700-800 m thick 
(Maurizot et a l  1986) and the sandstone is overlain by fine-grained siltstone. Deltaic and 
possibly fluvial facies, including cross-bedded sandstone interbedded with coal lenses, 
occur both in the Moindou area and in the Central Chain (Gonord 1970b; Paris 1981; 
Maurizot et al. 1986). In many areas the black chert rests directly on the pre-Cretaceous 
terranes without sandstone or conglomerate, and is interbedded with pelagic micrite 
containing pelagic foraminifers in a fine-grained calcareous groundmass.
Age
The conglomerates, sandstones and siltstones contain Turonian to Campanian inoceramids 
(Paris 1981) and Coniacian to Campanian ammonites (Collignon 1977), indicating that 
deposition occurred over approximately 20 Ma during the Late Cretaceous. The age of the 
black chert has not been directly determined but radiolarians from reworked black chert 
clasts in Eocene breccias suggest that they were deposited between the Campanian and the 
Late Paleocene (Bodorkos 1994; Paul 1994). This is slightly older than the age generally 
ascribed to these rocks, based on their close association with micrites containing Paleocene 
to middle Eocene planktonic foraminifers (Paris 1981; Maurizot et al. 1986). It suggests 
that the black chert is older than the micrites, although this is not clear from field 
observations.
Cretaceous volcanics
In the Nouméa and Diahot regions the sandstone is interbedded with mafic and felsic 
volcanics, including basalt, dacite and ignimbrite (Paris 1981; Maurizot et a l  1989). A 
sample of basalt from La Conception in Nouméa contains small-zoned phenocrysts of 
clinopyroxene (0.5-0.8 mm) and titanomagnetite (0.4 mm) in a groundmass of
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Figure 8.5 Approximate stratigraphic columns for the Mt Rembai and Table Unio 
sequences.
Q
Figure 8.6 QFL data from Pikoulas (1991) showing the quartz rich nature of the
Cretaceous sandstones from Mt Rembai' compared to those from the Central 
Chain terrane. Fields from Dickinson et al. (1983).
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clinopyroxene, plagioclase and titanomagnetite microphenocrysts. A sample of dacite from 
Mt Koghi (an eastern suburb of Nouméa) contains 20% large oscillatory-zoned 
plagioclase phenocrysts (0.5-2 mm), 10% biotite (0.1-0.5 mm), 10% large embayed quartz 
phenocrysts (1-2 mm), as well as accessory titanomagnetite and zircons set in a devitrified 
groundmass of quartz and plagioclase. Volcaniclastic rocks associated with these volcanics 
contain fragments of potassium and plagioclase feldspars, volcanic lithic fragments and 
felsic volcanics with feldspar phenocrysts in a fine-grained matrix of volcanic and 
devitrified glassy fragments.
The chemistry of these rocks has not been studied in detail, however, the few whole-rock 
analyses which have been undertaken suggest that the rocks are high-K volcanic magmas 
(Cluzel 1993 pers. comm.). This is supported by the large amount of biotite present in the 
samples. The volcanism could have been generated through a number of processes 
including a short-lived subduction episode or post-orogenic crustal melting. It could also 
have been part of a volcanic episode accompanying extensional tectonics, if the mantle 
beneath the island was contaminated by the Permian-Jurassic subduction. Igneous rocks 
formed during the same period (80-90 Ma) in New Zealand by partial melting of the 
mantle and the crust shortly after the accretion of the pre-Late Cretaceous terranes (Barley 
1987), are remarkably similar to those from New Caledonia. They are also biotite-bearing, 
high-K volcanics ranging in composition from basaltic to rhyolitic and occurring as flows 
and ignimbrites (Barley 1987; Barley et al. 1988).
Due to the limited data available it is difficult to establish the petrogenetic processes for the 
New Caledonian Cretaceous volcanics and to evaluate their relationship , if any, with the 
New Zealand volcanics. The volcanics are only present in the Upper Cretaceous rocks, 
suggesting that the period of volcanic activity was short and had ceased by the 
Maastrichtian (uppermost Cretaceous) when the black radiolarian chert was deposited.
Tectonic setting
The surface upon which the Cretaceous sandstone and conglomerate was initially formed 
by local erosion of the three pre-Cretaceous terranes. Sediments were eroded from these 
terranes and redeposited, mainly within a shallow marine environment, as indicated by the 
petrography of conglomerate clasts and the shallow marine fossils. The quartz-rich nature 
of some of the sandstones (Aronson & Tilton 1971) and the presence of pre-Cambrian 
detrital zircons, indicates that reworked old continental material also contributed sediments. 
This implies that these sediments were deposited before the opening of the New Caledonia 
Basin, which would have prevented older continental material from reaching the island. 
Another possibility is that the little-studied Boghen terrane contains old continental 
material and is the source of the zircons.
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Clastic sedimentation within the basins gradually stopped during the Campanian as there 
are no Maastrichtian macrofossils within the sandstone, although Maastrichtian 
radiolarians are common in the black chert (Bodorkos 1994; Paul 1994). This implies that 
extension drowned the continental margin, and that the opening of the New Caledonia 
Basin and the Tasman Sea isolated the New Caledonian continental fragment from the east 
Australian margin. Identical pelagic cherts and limestones overlying fluvial and shallow 
marine sandstone from the same period in New Zealand (eg. Lawrence 1993; Hollis 1993) 
show that at least 2500 km of the eastern Gondwana margin was affected by this same 
episode.
EOCENE SYN-COLLISIONAL SEDIMENTARY SEQUENCE
The fining-upwards passive margin sequence described above is overlain by a coarsening- 
upwards sequence of sedimentary rocks related to a middle Eocene collision. This 
sequence is completely absent on the east side of the island, partially present in the Central 
Chain (eg. Table Unio) and common throughout the west side of the island, being more 
than 2000 m thick in the Bourail region (Fig. 8.1).
The base of the sequence contains shallow water limestone rich in benthic foraminifers, 
planktonic foraminifers and fragments of coralline algae, bivalves, echinoids and corals 
(Paris 1981). A conformable transition between the shallow water limestones and the black 
chert occurs at a number of localities including Table Unio and near the Col de Boghen 
between Moindou and Bourail (Paris et al. 1977; Paris et al. 1982). In the Nouméa and St 
Vincent areas this limestone rests directly on the volcaniclastic sandstone from the 
Téremba terrane (Noesmoen 1970; Espirat 1971; Paris et al. 1977). The rocks are mainly 
bioclastic packstone containing mixed benthic and planktonic foraminifers and formed 
under shallow marine conditions (Dr. G.H. Chaproniere, AGSO, Australia, pers. comm. 
1995). These are overlain by marls and sandstone (referred to as flysch, Paris 1981) 
composed dominantly of reworked fine-grained pelagic black chert and micrite, 
plagioclase, clinopyroxene, titanomagnetite and minor quartz with differing amounts of 
fine-grained calcareous matrix (Figs. 8.7 & 8.8). The top of this syn-collisional Eocene 
sequence contains coarse breccia with angular clasts of pelagic limestone and chert in a 
matrix of sand-sized clasts of clinopyroxene, plagioclase, titanomagnetite, chlorite and 
basalt. In the Nouméa region the sequence contains large olistoliths of pelagic limestone, 
black chert, basalt and minor quartzose sandstone (Gonord 1970a; Paris 1981), up to 
several kilometres in length.
Ultramafic and deep crustal detritus has been reported from the sandstones and breccias 
(Paris 1981) although these types of derital clasts are generally rare. Examination of 10 
thin sections and numerous outcrops throughout New Caledonia revealed no ultramafic 
clasts or minerals such as chromite, olivine, orthopyroxene or serpentinite. The lack of
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Figure 8.7 Complex sedimentary structures in Eocene syn-collisional sandstone containing angular fragments of pelagic cherts and limestone. From Oua Némi, GR 5988 75824.
Figure 8.8 Radiolarian-bearing Cretaceous or Lower Paleocene black chert clast in Eocene syn-collisional breccia. The matrix (left side of the picture) consists mainly of monocrystalline clinopyroxene, plagioclase and titanomagnetite. Sample 71014; field of view 2.3 x 1.6 mm.
179
reworked peridotite material and abundance of reworked basaltic material is surprising if 
we consider that the ultramafic rocks represent the bulk of the material obducted onto the 
island.
There are three possible sources for the basaltic material. It may have been derived from 
Eocene volcanics (Coudray & Gonord 1966; Gonord 1967; Paris 1981; Kroenke 1984), 
from basaltic rocks which must have overlain the New Caledonian ultramafic terrane 
before they were removed by erosion, or from the nappe of basalts (Poya terrane) which 
underlies the ultramafic nappe. The clinopyroxene chemistry (Fig. 8.9), whole-rock 
chemistry and radiolarian faunas within accompanying reworked red chert clasts 
(Bodorkos 1994; Paul 1994) are identical to those of the basalts and cherts from the Poya 
terrane, indicating that the Poya terrane is the most likely source for the clinopyroxene, 
plagioclase, titanomagnetite and basalt clasts.
Tectonic setting
The change from pelagic to clastic coarsening-upwards sedimentation during the middle 
Eocene suggests a tectonic disturbance of the New Caledonian continental fragment 
caused by the approach of the ophiolitic nappes from the ultramafic and Poya terranes 
which now overlie these rocks.
The thick Eocene sedimentary sequence near Bourail is relatively undisturbed by major 
thrust faulting and provides a clear record of the tectonics associated with the arrival of the 
nappes. The conformable contacts between the black chert and middle Eocene shallow 
water limestone (also at Table Unio) implies that the change in water depth was not 
accompanied by major block rotation and faulting, although a depositional hiatus and 
slight erosion may have occurred in some areas, resulting in direct transgression of the 
shallow water carbonates on to the Tdremba terrane. Large sections of the submerged 
continental plateau were probably uplifted as a single block to near sea level, and then must 
have undergone rapid subsidence during deposition of a thick sequence of sandstone and 
conglomerate (2000-3000 m shown on the Moindou 1:50 000 geological map).
The initial uplift of the platform is thought to have occurred as a result of flexure and 
loading of the plate, probably associated with subduction prior to collision (refered to as 
the peripheral bulge; Aitchison et al. 1995). The rapid subsidence which followed this 
uplift could have been due to the collision and isostatic depression of the continental block 
during attempted subduction. The gradual changes in sedimentation from deep water 
pelagic to shallow water bioclastic sedimentation, followed by deep water clastic 
sedimentation are similar to those expected during the collision of a plateau or seamounts 
with a subduction zone. The Loyalty Ridge 100 km east of New Caledonia is thought to 
have been uplifted by at least 140 m at a distance of 95 km from the New Hebrides
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subduction zone, due to the flexure of the crust associated with modern subduction in the 
New Hebrides Arc (Dubois et a l 1988).
The influx of clastic sediment, olistostromes and breccia suggest that a large amount of 
material had accumulated at the front of the nappe as it approached New Caledonia. This 
material included an imbricated thrust block of the passive margin sedimentary sequence 
both from the New Caledonian continental block and a basin to the east, as well as basaltic 
rocks from the Poya nappe. The extensive faulting and tilting of the Eocene foreland-type 
basin sequences indicates that they were formed before the final stage of obduction and 
were then overthrust by the Poya and New Caledonian ultramafic terrane nappes.
POYA TERRANE.
The Poya terrane is a thin (20-500 m) nappe of basalt which covers more than 16% of the 
surface of the island, largely along the northwest coast, but also around the edge and 
beneath of the ultramafic terrane (Fig. 8.1). The lithologies within this terrane are 
predominantly basalt (pillows and flows) and dolerite with minor radiolarian chert (Fig. 
8.10), dolerite, gabbro, serpentinite and fine-grained tuffaceous sediment (Paris 1981; 
Cameron 1989). These rocks typically occur in volcanic and shallow plutonic sections of 
ophiolites and ocean floor environments.
Age
The age of the basalts has been a difficult issue to resolve. Three K-Ar radiometric age 
determinations on the basalt from the Poya terrane give dates of 42±2, 51 ±7 and 59±6 
Ma (Guillon & Gonord 1972). However, it is probable that these dates represent a 
minimum age as argon may have been lost during obduction and alteration (Rodgers 
1975). The basalt was previously thought to range from the Cretaceous to the Eocene, 
based on the interdigitation between Cretaceous and Eocene sediments and basaltic rocks 
(Gonord 1967; Rodgers 1975; Paris 1981; Kroenke 1984), however, re-examination of the 
Eocene localities indicates that these outcrops are basalt olistoliths derived from the Poya 
terrane, which suggests that the basalts are older than the Eocene syn-collisional 
sediments.
Cretaceous macrofossils are found throughout the west coast in lenses of thinly bedded 
tuffaceous mudstone and siltstone (Formation de Koné), both interbedded and tectonically 
mixed with the basalt (Paris 1981; Maurizot et al. 1985b). The fossils are predominantly 
Turonian to Santonian (Upper Cretaceous) Inoceramids (Paris 1981).
In order to determine the age of the rocks within the terrane samples of the pelagic red 
chert and siliceous siltstone interbedded with the basalt were collected throughout New 
Caledonia (Fig. 8.11) and processed using the methods of Pessagno & Newport (1972).
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Figure 8.9 Composition of clinopyroxencs from the basalt nappe (filled diamonds) and
Late Eocene sedimentary rocks (open diamonds) compared to those from ocean 
floor basalts and orogenic basalts. Discriminant diagram and fields (95% of 
pyroxenes) are from Leterrier et al. (1982).
Figure 8.10 Typical outcrop of radiolarian-bearing red siltstone in the Poya terrane. The 
weathered brown rocks at the top right are basalts. Photo also shows typical 
deformation including low angle thrusts and normal faults GR. 5414 76237.
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Approximately one sample out of every ten contained indentifiable radiolarian faunas 
dominated by conical-shaped radiolarians from the order Nassellaria. Two different 
faunal assemblages could be distinguished; the first dominated by radiolarians ascribable 
to the genera Amphipyndax, Dictyomitra and Archeodictyomitra, including the species 
Amphipyndax stockii, Dictyomitra koslovae and Theocampe urna characteristic of the 
Upper Cretaceous (Figs. 8.12 & 8.13). The second, occurred in only one sample from Mt 
Dore south of Nouméa, is dominated by the species Buryella tetradica, characteristic of 
the Upper Paleocene (Hollis 1993) (Figs. 8.12 & 8.14).
The radiolarian assemblages and the Inoceramus macrofauna indicate that most of the 
sedimentary rocks which overlie the basalts within the Poya terrane formed between the 
Late Cretaceous and the Late Paleocene.
Geochemistry
The chemical characteristics of the basalt and dolerite have previously been described by 
Cameron (1989), and additional samples (new data from this thesis and unpublished data 
from C. Picard, and J.-P. Eissen) confirm his conclusions. These show that the basalts and 
dolerite are ocean floor tholeiites similar to BABB. They have a typical tholeiitic 
enrichment of FeO and constant SiÛ2 with increasing fractionation (Fig. 8.15). AI2O3, 
FeO* and TiC>2 follow typical BABB trends, similar to MORB but off-set slightly 
towards arc tholeiite composition (Fig. 8.15). On MORB-normalised diagrams (Fig. 8.16) 
the LILE, (eg. Ba, Rb and Sr) are slightly enriched but other trace elements are similar to 
MORB. Nd isotopes are enriched in radiogenic Nd (£ Nd=3.0-4.6)(Cameron 1989), lower 
than MORB and significantly lower than modem BABB (£ Nd=6-9; Hochstaedter et al. 
1990b; Stern et al. 1990; Volpe et al. 1990), indicating the presence of recycled 
sedimentary, continental or pelagic components in the mantle source. LREE are enriched 
in a few of the samples similar to enriched BABB from the Mariana Trough (eg. Stem et 
al. 1990). These features suggest that the igneous rocks from the Poya terrane resemble 
modern backarc basin basalts from the west and southwest Pacific island arcs, with the 
exception of their Nd isotopic composition.
Although the Poya terrane basalts are similar in their major element chemistry to the 
basalts of the Central Chain, they differ in trace elements. The Central Chain terrane 
basalts have more refractory source characteristics, including lower TiC>2 and Y. They also 
contain a more prominent subduction zone signature on MORB-normalised diagrams, 
such as a more pronounced negative Nb anomaly and greater enrichment of the LILE. 
These characteristics can be used to classify the fault-bounded basaltic rocks from the 
Tiwaka and the Tchamba rivers as fragments of the Poya terrane rather from the Central 
Chain terrane (Figs. 8.17 & 8.18, Table 8.1), as suggested by Maurizot et al. (1984).
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Figure 8.11 Location of radiolarian samples.
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Figure 8.12 Age range of the radiolarian species identified. Time scale from Harland et 
al. (1990). Cretaceous zonation and age ranges from Sanfilippo & Riedel 
(1985). Paleocene zonation from Hollis (1993) and Strong et al. (1995).
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Figure 8.13 Well-preserved radiolarians from the Poya terrane near Mt Dore (see 
Fig. 8.11 for location).
Sample 71017
1. Buryella tetradica (Foreman) (scale bar 100 fim)
2. Buryella tetradica (Foreman) (scale bar 100 fim)
3. Buryella tetradica (Foreman) (scale bar 100 fim)
4. Buryella tetradica (Foreman) (scale bar 100 fim)
5. Buryella tetradica (Foreman) (scale bar 80 fim)
6. Buryella tetradica (Foreman) (scale bar 100 fim)
7. Podocyrtis aphorma (Riedel & Sanfilippo ) (scale bar 100 fim)
8. gen. & sp. indet. (scale bar 100 fim)
9. Phormocyrtis sp. (scale bar 210 fim)
10. gen. & sp. indet. (scale bar 100 fim)
11. gen. & sp. indet. (scale bar 100 fim)
12. gen. & sp. indet. (scale bar 80 fim)
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Figure 8.14 Well-preserved radiolarians from the Poya terrane north of Bourail (see Fig. 
8.11 for location).
Sample 71016
1. Dictyomitra koslovae (Foreman) (scale bar 100 pm)
2. Dictyomitra koslovae (Foreman) (scale bar 100 pm)
3. Theocampe uma  (Foreman) (scale bar 80 pm)
4. Amphipyndaxpseudoconulus (Pessagno) (scale bar 200 pm)
5. Dictyomitra sp. (scale bar 130 pm)
6. Amphipyndax stockii (Clark & Campbell) (scale bar 200 pm) 
Sample 71015
7. Dictyomitra sp. (scale bar 90 pm)
8. Dictyomitra sp. (scale bar 90 pm)
9. Dictyomitra koslovae (Foreman) (scale bar 100 pm)
10. Dictyomitra sp. (scale bar 100 pm)
11. Dictyomitra sp. (scale bar 120 pm)
12. Stichomitra sp. (scale bar 160 pm)
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P o in d im ié
7 1 0 2 2
Tchamba
7 1 0 2 1
Tiwaka
7 1 0 1 9
Tiwaka
7 1 0 2 0
S i 0 2 4 8 .1 1 4 7 .8 8 5 0 .3 3 5 0 .2 3
T i 0 2 1.36 1.33 0 .9 7 2 .2 7
A120 3 1 3 .5 4 1 4 .97 14 .51 1 3 .0 4
FeO * 11 .6 9 9 .5 6 9 .1 9 1 3 .9 9
M nO 0.21 0 .11 0 .1 9 0 .2 2
M gO 7 .2 9 7 .5 2 8 .6 9 5 .01
CaO 1 0 .8 0 11.31 6 .9 4 7 .01
N a 20 2 .8 2 2 .8 6 4 .9 9 4 .3 7
K 20 0 .0 7 0 .01 0 .1 7 0 .0 6
p 2o 5 0 .1 3 0 .1 4 0 .0 8 0 .2 3
LOI 2.9 3 .4 3 2 .7 9 1 .86
TOTAL 1 0 0 .2 2 1 0 0 .1 8 9 9 . 8 7 9 9 .8 5
Rb 1.3 <1 2 <1
Sr 107 5 3 4 0 9 3
Zr 7 4 9 2 5 4 173
N b 4 .7 1.6 0 .8 3 .3
Y 3 0 .8 3 7 .2 2 3 .6 6 4 .7
V 3 6 0 3 2 0 2 2 9 4 1 2
Cr 142 4 0 6 2 5 9 2 8
N i 87 .3 80.1 6 7 .6 2 8 .7
M g# 5 3 5 8 6 3 3 9
Table 8.1 Wholerock analyses from Poindimie, Tchamba River and Tiwaka River. See 
Table 5.1 for abbreviations.
The relationship between the boninites from Nepoui (Sameshima et al. 1983; Cameron 
1989; Ohnenstetter & Brown 1992) and the Poya terrane is unknown. The boninites occur 
within the thin serpentinitic thrust zone beneath the New Caldonian ultramafic terrane. 
Their outcrop distribution and the cross-cutting relationships of the serpentinised fault 
zones indicate that they formed before the obduction of the ultramafic terrane in the Late 
Eocene (>35 Ma), despite K-Ar ages of 30-20 Ma (Black et al. 1994). The difference in 
alteration between the Poya terrane tholeiites and the Nepoui boninites, as well as the 
difference in Nd isotopic composition (£ nd=3.0-4.2 for the Poya terrane and £ Nd=7.8- 
10.2 for the boninites) suggest that the two are unrelated (Cameron 1989).
Most modern boninites are found in the forearc of island arcs above the subduction zone, 
and some boninitic rocks associated with serpentinites have been dredged from the trench 
slope of the IBM (Bloomer & Hawkins 1987) and the northern termination of the TK 
system (Falloon et al. 1987) (see Chapter 5). The most likely origin for the Nepoui 
boninites is that they were transported from the forearc (ie above the New Caledonian 
ultramafic terrane) into the trench as a result of slumping or subduction erosion prior to 
obduction (eg. Bloomer & Hawkins 1987) and incorporated into the fault zone beneath 
the New Caledonian ultramafic terrane during collision.
Tectonics
The Poya terrane has been affected by extensive and often chaotic faulting. Both small 
faults with normal displacements and thrust faults, occasionally containing serpentinite, are 
common. The nappe structure of the Poya terrane is difficult to establish through field 
observation as outcrops are weathered and low-lying compared to those of adjacent 
terranes. Although a nappe structure for the Poya terrane was proposed by early authors
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Figure 8.15 MgO variation diagram for the Poya terrane basalts showing their similarity to 
modem BABB. All data in weight percent except for Cr. Symbols: diamonds - 
unpublished data from J.-P. Eissen; triangle - unpublished data from C. Picard; 
crosses - data from Cameron (1989). Data for arc field from Ewart et al. (1977), 
Woodhead (1989); data for backarc field from Falloon et al. (1992), Ewart et al. 
(1994), Hawkins et al. (1990), Sinton & Fryer (1987); MORB field from 
Hochstaedter et al. (1990a).
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Figure 8.16 MORB-normalised diagram for the Poya terrane basalts. Triangles -
unpublished data from C. Picard, diamonds - unpublished data from J.-P. Eissen. Normalising data from Sun & McDonough (1989)
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Figure 8.17 Cr and Y variation diagram (after Pearce 1982 and Pearce et al. 1984) showing
that the Tchamba, Tiwaka and Poindimid basalts belong to the Poya terrane rather 
than the Central Chain terrane. The Anse Ponandou basalts also show similarities 
with the Poya terrane. Poya terrane basalts from Cameron (1989) and unpublished 
data from C. Picard and J.-P. Eissen. Data for Anse Ponandou from Black and 
Brothers (1977).
+ Central Chain ophiolites 
o Poya terrane 
o Anse Ponandou basalts 
♦  Poindimie, Tchamba 
&Tiwaka basalts
Figure 8.18 Locations of the Tiwaka, Tchamba and Poindimié basalt samples collected for 
wholerock analysis. Basemap and geology after Maurizot et al. (1984). Also 
note the location of the regional anticline associated with the metamorphic 
core complex further to the north and the Early Paleocene or Late Cretaceous 
radiolarian fauna from the Poya terrane.
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(eg. Guillon 1972; see discussion in Paris 1981), this has not always been accepted by 
later researchers. Paris (1981), Kroenke (1984), and Maurizot et al. (1985b) argue that the 
basalts on the west coast are a deeply rooted unit uplifted from the west during the Eocene. 
Re-examination of many of the geological contacts on the east and west coasts has 
confirmed this nappe structure (Cluzel et al. 1994; Aitchison et al. 1995). The basalts on 
the east and west coasts are chemically identical (C. Picard, unpublished data) and similar 
in age (see below) which suggests the nappe formed a thin discontinuous sheet beneath 
the ultramafic terrane during obduction. The basalts are also extensively reworked within 
the syn-collisional Eocene sedimentary rocks, showing that they formed a major 
proportion of the material being uplifted and eroded during the obduction of the ultramafic 
rocks.
Basaltic nappes are found beneath ultramafic sections of ophiolites worldwide (Spray 
1984), such as the 1 km thick Emo nappe beneath the Papuan Ultramafic Belt, containing 
metamorphosed basalt, dolerite and gabbro (Davies & Jaques 1984). However, in most 
cases these are much more metamorphosed than the Poya terrane. A likely mechanism for 
the obduction of the Poya terrane may be similar to that for large duplexes and slabs of 
pillows and dykes detached from subducting oceanic crust and accreted to the 
overthrusting plate described from modern subduction zones (Bernstein-Taylor et al. 
1992; Kimura & Ludden 1995). This type of transfer would account for the absence of 
deep crustal material in the dominant basaltic and doleritic rocks within the Poya terrane, 
and the structural position of the Poya terrane beneath the main detachment of the 
ultramafic terrane. The absence of basalts underneath the ultramafic terrane in the Central 
Chain, especially beneath the ultramafic massif which overlies the Boghen terrane, 
suggests that the Poya terrane was pushed away from the thickest continental crust by the 
nappe, probably due to the increased isostatic force between the continental fragment and 
the overthrusting nappe.
The Cretaceous tuffaceous mudstone and siltstone from the Koné Formation interbedded 
with the basalt could have been derived from distal ash from arc volcanoes, probably 
related to the backarc activity which produced the basalts or a nearby active arc. The 
sedimentary rocks transitional between the Koné Formation and the Upper Cretaceous 
continental sandstone described from the Koné area (Maurizot et al. 1985b), could 
represent parts of the nappe derived from the transition between a passive margin and the 
ocean basin to the east of the New Caledonian continental fragment.
ULTRAMAFIC TERRANE
The New Caledonian ultramafic terrane is a 2000 m thick horizontal nappe of ultramafic 
rock composed largely of harzburgite and serpentinite with minor, lherzolite, dunite, 
gabbro, pyroxenite, wehrlite and dolerite which is locally intruded by calc-alkalic felsic
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rocks emplaced prior to obduction (Prinzhofer et al. 1980). These rocks have been 
obducted from the east or northeast, above a serpentinised horizontal detachment surface 
(Paris 1981; Prinzhofer et al. 1980). Along the east coast of New Caledonia the terrane 
remains semi-continuous with the mantle of the narrow Loyalty Basin to the east of the 
island, although it is broken by a series of normal faults (Collot et al. 1988). The terrane 
once covered the entire island but erosion has divided it into a number of smaller massifs 
(Paris 1981; Prinzhofer et al. 1980), which outcrop over at least 30% of the island (Fig. 
8.1). The terrane is still horizontal and plastic flow lineations in the mantle sequence 
indicate that the bulk of the peridotites were formed on the northern limb of an east-west 
spreading centre (Prinzhofer et al. 1980). The tectonic setting of this ophiolite is badly 
constrained largely due to erosion of the shallow intrusive and extrusive rocks. Most of 
the ophiolite consists of relatively deep mantle rocks with shallow mantle rocks and 
cumulate gabbros from the base of the crustal section exposed at very few locations, most 
of which are in the south of the island. K-Ar dating on crosscutting dolerite dykes in the 
crustal rocks indicates that the ophiolite formed prior to the middle Cretaceous, although 
emplacement of mafic and felsic intrusions continued through the middle and upper 
Cretaceous (Prinzhofer 1981). This and the 131±16 Ma Nd/Sm age on layered gabbros 
from the ophiolite (Prinzhofer 1987 in Nicolas 1989) suggests that the harzburgite and 
dunite originated in the Early Cretaceous.
The ultramafic terrane is dominated by depleted mantle rocks, predominantly harzburgite 
and dunite with high-Mg olivines (Fo 91-95), orthopyroxenes and high-Cr spinels (Fig. 
8.19) (Prinzhofer 1981). Less refractory rocks are present mostly in the Tiebaghi massif 
in the north of the island (Prinzhofer 1981). The REE patterns within these peridotites are 
U-shaped, MREE-depleted and LREE-enriched (Prinzhofer & Allègre 1985). These 
characteristics are typical of SSZ ophiolites and depleted mantle peridotites recovered from 
the forearc of modem island arcs, such as those from the IBM system (Parkinson et al. 
1992), showing that subduction played an important role in the formation of these rocks. 
The presence of 80 Ma calc-alkaline felsic intrusions within the ultramafic terrane (Stock 
de Mouirange) (Prinzhofer 1981) also indicates a long-term subduction-related origin.
NEPOUI SEDIMENTARY SEQUENCE
The Nepoui sedimentary sequence constrains the timing of the obduction of the ultramafic 
terrane to before the Late Eocene (Paris et al. 1979; Paris 1981). The base of the sequence 
overlies and reworks serpentinites and serpentinised harzburgites at the Col de Nepoui 
(Paris 1981). A foraminiferal packstone collected from sub-vertical beds a few metres 
above the basal unconformity at the Col de Nepoui contains 10% serpentinite and 
chromite clasts without any evidence of basaltic minerals. A calcareous fine-grained 
sandstone collected from faulted and folded rocks 2 km northeast of the Col de Nepoui 
contains basaltic and black chert clasts similar to most of the Eocene sandstones, in
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addition to approximately 10% chromite and serpentinite clasts. These rocks have 
previously been correlated with the Eocene breccia and sandstone from Nouméa and 
Bourail (Paris 1981), however, these correlations are rejected here on the basis of 
sedimentological and structural differences. The rocks in the Nouméa and Bourail regions 
have been overthrust by both the ultramafic terrane and the Poya terrane and are 
consolidated and contain very rare ultramafic detrital minerals, while the Nepoui rocks rest 
on top of the peridotite nappe, contain significant peridotite detrital minerals and are much 
less consolidated. The relatively unconsolidated breccia from Pandop Point (Fig. 8.1) near 
Koumac may correlate with the Nepoui rocks as it contains large clasts of ultramafic as 
well as basaltic material (Paul 1994).
The Late Eocene age obtained by Paris et al. (1979) for the Népoui sequence shows that 
deposition of the entire syn-collisional sedimentary sequence, obduction of the nappes and 
erosion of at least one edge of the ultramafic terrane down to present sea level must have 
all occurred between the middle and Late Eocene. In order to constrain this time interval a 
Late Eocene foraminiferal packstone from Nepoui, and a middle Eocene foraminiferal 
packstone from the transition between the black chert and syn-collisional sediments from 
Bourail were collected and sent for expert identification of the foraminifers. The 
planktonic and benthic foraminiferal assemblages suggest that the period of time 
separating the formation of the two samples was between 0.5-12 Ma (Dr G.H. 
Chaproniere, AGSO, Australia, pers. comm. 1995, see report in Appendix 2). This is less 
precise than hoped but does place some limits on the time given for the collision. The 
foraminiferal identifications also reconfirm the ages determined by Paris et al. (1979) and 
Paris (1981) showing that the earliest evidence for collisional tectonics occurs sometime 
between 38.5 and 46 Ma (foraminiferal zonal interval PI 1 -P14) and that erosion of the 
terrane had already reached present levels at Népoui between 34 and 38.5 Ma 
(foraminiferal zonal interval P15-P17).
HIGH P/T METAMORPHISM
Eocene blueschist to eclogite facies metamorphism affected the northeastern part of the 
island (Yokoyama et al. 1986; Ghent et al. 1994; Aitchison et al. 1995). Although some 
previous authors speculated that this metamorphism was not subduction-related, more 
recent interpretations (Cluzel et al. 1994; Aitchison et al. 1995; Cluzel et al. 1995) suggest 
that the structures are compatible with southwest-directed thrusting during collision with 
an island arc. This collision produced an over-thickened thrust stack, which was then 
tectonically thinned by extensional tectonics and forming of a metamorphic core complex 
(Aitchison et al. 1995; Cluzel et al. 1995). The core consists of eclogite with mafic 
igneous protolith surrounded by blueschist and lawsonite facies schist with a meta- 
sedimentary protolith, probably similar to the Cretaceous quartzose continental sandstones 
described previously (Aitchison et al. 1995; Cluzel et al. 1995).
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The zone of uplift associated with the eclogite core can be traced on regional maps from 
the Ouégoa-Pouébo district in the north along a major regional anticline to the coast at 
Anse Ponandou (Fig. 8.18) where Black and Brothers (1977) and Maurizot et al. (1984) 
describe out-of-sequence glaucophane-gamet meta-igneous rocks. This suggests that 
relatively high grade metamorphic rocks probably extend for at least 100km to the south 
of the Diahot region, beneath the regional anticline. This anticline affects mainly blueschist 
facies schists which are probably the metamorphosed equivalent of the Cretaceous 
sandstones and conglomerates described by Maurizot et al. (1984). Between Hienghène 
and Touho the anticline is flanked by pelagic limestones and the metamorphosed Poya 
terrane. A radiolarian assemblage from a red chert within the Poya terrane collected 
between Touho and Hienghène contains Cretaceous or lower Paleocene Dictiomitra and 
Amphipyndax species, indicating a similar age to that of the Poya terrane on the west coast 
(Fig. 8.11).
Further south post-obduction extensional tectonics occurred on a much smaller scale, 
suggesting that the extensive crustal over-thickening did not occur. This lack of high P/T 
metamorphism is probably related to the geometry of the passive margin sequence and the 
rifted continental blocks prior to the obduction. Lateral facies change in the Cretaceous 
sequence (eg those described by Maurizot et al. 1985b and Maurizot et al. 1986) and the 
variable thickness of the Cretaceous clastic sequence and overlying pelagic sequence show 
that New Caledonia contained a number of structural blocks separated by small basins 
prior to the obduction. The west coast region, where the base of ophiolite nappes are 
presently at low altitude probably represented one of these basins as suggested by Paris 
(1981) and Maurizot et al. (1985b), however, the Poya terrane was tectonically emplaced 
into these basins from the east above a subhorizontal detachment, rather than uplifted from 
the west as suggested by these authors. A map of the present and projected height above 
sea level of the base of the ophiolite nappe defines three regional anticlinal structures (Fig. 
8.20), which probably represent three crustal blocks separated by small basins prior to 
obduction. The most likely explanation for the high P/T metamorphism in the north is that 
it represents a continental block subducted deep within the subduction zone, however, the 
provenance of eclogites with a basaltic protolith in the core of the high P/T metamorphic 
complex (eg. Maurizot et al. 1989, Aitchison et al. 1995) remains uncertain.
The implications of the geology described in this chapter for southwest Pacific tectonic 
evolution models are further discussed in Chapter 9.
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Figure 8.19 Composition of chromite from the ultramafic nappe compared to peridoties from 
oceanic and forearc environments. Symbols as follows: solid squares - chromite 
from dunite, open squares - chromite from harzburgite, circles - chromite from 
lherzolite (Tiebaghi). Oceanic data from Dick et al. ( 1992), forearc data from 
Ishii et al. ( 1992). New Caledonian data from Leblanc et a i  ( 1980).
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Figure 8.20 Regional anticlines in the basal thrust of the ultramafic terrane which
probably reflect the position of pre-Cretaceous continental blocks separated 
by small Cretaceous basins.
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CHAPTER 9
NEW CALEDONIA AND SOUTHWEST PACIFIC TECTONICS
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The geology and tectonic history of submerged ridges and basins around New Caledonia 
provides a link between the tectonic events observed on the island of New Caledonia 
(described in the previous chapter) and the tectonics of the southwest Pacific. This chapter 
describes the regional tectonic framework and examines the implications of the geology of 
the island for the development of the region. As in New Caledonia the tectonic history of 
many of these submerged ridges and basins is characterised by extensional tectonics 
between the Cretaceous and Paleocene and convergent tectonics during the Eocene. The 
structures formed by these events and their implications are described below.
CRETACEOUS AND PALEOCENE EXTENSIONAL TECTONICS.
To the west and south of New Caledonia, the Norfolk Ridge, the New Caledonia Basin, the 
Tasman Sea, the Dampier Ridge, the Lord Howe Basin, the Middleton Basin, the Cato 
Trough, the Coral Sea, the Queensland Plateau and the Norfolk Basin (Fig. 9.1) form a 
complex submerged province of continental and oceanic material which originated during 
the Cretaceous extension of the eastern Australian margin, following the accretion of the 
pre-Cretaceous terranes in New Caledonia and New Zealand. New Caledonia contains the 
only emergent rocks out of a 1.5 million km2 area of thinned continental crust between 
New Zealand and New Guinea and its geology therefore provides important constraints of 
the tectonic models for the region.
Cretaceous and Paleocene extensional tectonics may also have been responsible for 
generation of a basin (which has now been subducted) to the east of New Caledonia in 
which the Poya terrane originated.
Norfolk Ridge
The Norfolk Ridge is a narrow submerged continental ridge situated between New 
Caledonia and New Zealand. The northern section of the ridge is 70 km wide, relatively 
smooth in outline and rises 2000 m above the floor of the New Caledonia Basin and 1000 
m above the uneven sea floor on the eastern side (Eade 1988; Rigolot 1989). In the 
southern section (>30°S) the ridge narrows to approximately 50 km, later widening and 
dividing into three small ridges separated by two narrow basins before merging with the 
New Zealand continental shelf (Eade 1988; Rigolot 1989). Carbonates, sedimentary and 
basic volcanics and felsic plutonic rocks including a Triassic granodiorite (207 Ma) and a 
Jurassic calc-alkaline basalt (167 Ma) were dredged from the southern area of the ridges 
(Rigolot 1989) confirming that Triassic and Jurassic arc-related terranes underlie part of 
the Norfolk Ridge (Rigolot 1989).
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Figure 9.1 Basins and ridges around New Caledonia in the southwest Pacific. Basemap 
from Rigolot (1989) and Kroenke (1984).
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Lord Howe Rise
The Lord Howe Rise lies between the New Caledonia-Norfolk-New Zealand continental 
fragments and the Australian Margin. The basement geology has never been sampled but 
it probably contains, at least in part, a continuation of pre-Cretaceous geological trends on 
the east coast of Australia which were truncated by the rifting of the Tasman Sea. This 
may include fragments of New England Orogen, the Sydney Basin and the Lachlan Fold 
Belt, as well as pre-Cretaceous arc-related terranes from New Caledonia and New Zealand. 
Sediments and volcanics overlying the continental basement were drilled at DSDP site 207 
on the southern section of the Lord Howe Ride and contain Cretaceous rhyolitic volcanics 
overlain by Cretaceous sandstone and pelagic carbonates and siliceous rocks (Burns and 
Andrews 1973; Wilcox et al. 1980) similar to the fining upwards passive margin sequence 
described from New Caledonia in the previous chapter.
The New Caledonia Basin
The New Caledonia Basin is a narrow basin formed during Cretaceous rifting (Kroenke 
1984; Uruski & Wood 1991) and probably floored by oceanic crust (Kroenke 1984; Eade 
1988). Regional subsidence recorded at DSDP site 207 (Bums and Andrews 1973) as 
well as in New Caledonia and New Zealand (see previous chapters) occurred largely 
during the Late Cretaceous indicating that the basin probably opened at this time. 
Compressive tectonics may have affected the basin during the obduction of ophiolitic 
nappes in the Eocene causing the eastern side to be subducted beneath New Caledonia 
(Regnier 1988) and the Fairway Ridge to be uplifted on the western side (Lafoy et al. 
1994). This is discussed further in the following section.
Extension to the east of New Caledonia
The age of the Poya terrane, which was obducted onto New Caledonia from the east (see 
previous chapter), is similar to that of the extensional basins to the west, indicating that this 
extensional province probably extended beyond New Caledonia into the Pacific. The exact 
nature of the Pacific-Australian plate boundary during that time remains unknown. Plate 
vectors between these two plates (Fig. 9.2) during the period between 50-90 Ma predict 
that the two plates were diverging, however, the spreading of the Tasman Sea and New 
Caledonia Basin account for most of this extension and there is very little net motion 
between New Caledonia and the Pacific plate. This shows that if any Cretaceous extension 
occurred to the east of New Caledonia, as indicated by the age and structure of the Poya 
terrane, then net convergence must have occurred between the plate to the east of the island 
and the Pacific plate which could account for the BABB geochemical signature of the 
Poya terrane. The tectonic model used to calculate the plate does not take into account 
possible subduction of the New Caledonia Basin beneath New Caledonia. Although this is
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Figure 9.2 Vector diagram for the Pacific plate relative to continental fragments on the 
eastern margin of the Australian plate. For each location (assumed to 
remained Fixed at the centre of the diagram) velocity and direction of the 
Pacific plate(relative to that location) is plotted for different time periods.
The vectors were calculated using Norfolk Rise-Lord Howe Rise-Australian 
plate-Indian Ocean hotspot-Pacific hotspot-Pacific plate circuit using the data 
from Müller et al. (1990), Müller et al. (1993) and unpublished data from Dr. 
D.R. Müller. The data shows the Pacific plate was moving to the south east or 
remained stationary compared to New Caledonia during the Cretaceous.
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inferred to have been minor due to the absence of arc volcanics (see discussion below), if 
taken into account, it would increase convergence between New Caledonia and the Pacific 
plate.
No pre-Eocene arc-related rocks have been reported east of New Caledonia, the present 
location of the volcanics and volcaniclastics formed by the arc volcanoes remains 
unknown. The remains of this arc could lie buried beneath the New Hebrides Arc or in 
some of the many unexplored ridges in the region.
EOCENE COLLISION AND PERIDOTITE OBDUCTION
Ridges to the east and north of the New Caledonia such as the d’Entrecasteaux Zone, the 
South and North Loyalty Basins and the Loyalty Ridge, do not contain rifted continental 
material but originated in island arc systems and possibly during hotspot activity in the 
Pacific ocean between the Eocene and the present
Although extension of the Tasman Sea continued throughout the Paleocene (Wilcox et al. 
1980), extensional tectonics on the New Caledonia platform appear to have stopped at the 
end of the Cretaceous when pelagic sedimentation began. This was disturbed during the 
middle to Late Eocene collision and obduction. The paleo-plate boundary associated with 
the collision can be traced onto the ridges and basins to the north and south of New 
Caledonia, and linked to the basins and ridges to the east. Due to the lack of exposed 
rocks this correlation is largely based on morphology and relies strongly on tectonic 
models for the New Caledonian ultramafic obduction.
Three tectonic models have been proposed to explain the obduction of the ultramafic 
nappe onto New Caledonia.
The first was proposed by Aubouin et al. (1977), Parrot and Dugas (1980) and Crook and 
Feary (1982) and recently supported by Cluzel et al. (1994) and Aitchison et al. (1995). It 
suggests that obduction occurred during collision between an island arc and the thin New 
Caledonian continental fragment after the basin to the east was totally consumed. This 
model is the most likely method for the obduction of ophiolitic crust onto thinned 
continental crust above a horizontal detachments (eg. Searle and Stephen 1984; Casey & 
Dewey 1984; Taylor et al. 1992) and it may account for the presence of boninites in the 
thrust zone beneath the peridotites (see previous chapter). In this model the island arc 
would gradually converge on the New Caledonian-Norfolk Ridge continental block, 
probably during the Eocene subduction of old backarc crust from which the Poya terrane 
originates. Collision, obduction and metamorphism would occur during the attempted 
subduction of the northern end of the Norfolk-New Caledonia continental fragment.
In this model the subduction of the New Caledonian Basin beneath the west coast 
documented from geophysical evidence by Regnier (1988), may have occurred for a short
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period of time during the final stages of the obduction and collision on the east coast 
(Regnier 1988; Cluzel et al. 1994) but not for long enough to cause island arc volcanics to 
form on the island. Lafoy et al. (1994) interpret the thrust tectonics on the Fairway Ridge 
as having occurred during the same event.
The second model was proposed by Paris (1981), who suggests that the ophiolite nappe 
was detached from a transcurrent fault on the boundary between the continental New 
Caledonian platform and the oceanic basin to the east. This model fails to explain why the 
more buoyant continental block should be thrust beneath the more dense oceanic basin.
The third model suggests that the obduction was caused when backarc crust to the east of 
New Caledonia, associated with the subduction of the New Caledonia Basin beneath the 
west coast, was thrust over its own frontal arc (Kroenke 1984; Collot et al. 1988; Eade 
1988; Yan and Kroenke 1993). Although there is geophysical evidence for this west New 
Caledonian subduction zone (Regnier 1988) there are no limits for when subduction 
occurred as there is no volcanic activity evident in New Caledonia between the Cretaceous 
or Early Paleocene and the Oligocene (from 60-30 Ma.). Earlier reports of basic 
volcanism during that period (Gonord 1967; Paris 1981; Kroenke 1984) can be shown to 
represent olistoliths and detrital basaltic fragments from the basalt nappe within the Eocene 
sedimentary sequences (see Chapter 8). Other problems with this interpretation include the 
age of the crust obducted onto New Caledonia, which dates from the early to Late 
Cretaceous (Prinzhofer 1981; Prinzhofer 1987 in Nicolas 1989) rather than the Paleocene 
and Eocene as shown in the reconstructions of Kroenke (1984) and Yan & Kroenke 
(1993) and the age and nappe structure of the Poya terrane. Additionally the depleted 
peridotites from the ultramafic nappe are similar to those from beneath the Marianas 
forearc (eg. Parkinson et al. 1992), but are more depleted than those expected from 
backarc mantle. It is possible, however, that this depletion could be inherited from ocean 
floor production during the Early Cretaceous rather than the Eocene.
The most likely model is the first one where obduction occurred during collision between 
an island arc and the New Caledonia continental fragment . There is little or no data to 
indicate the length of time between the initiation of the island arc and obduction. Initiation 
considerably prior to obduction would produce a well-developed far-travelled island arc. 
Initiation close to New Caledonia may have resulted in obduction prior to the development 
of an active arc.
Cretaceous calc-alkaline felsic intrusions (80 Ma) are present in the ultramafic terrane 
(Prinzhofer 1981) but these are much older than the obduction and could be related to an 
arc system older than that which collided with New Caledonia. Recent work on the 
d’Entrecasteaux Ridge (Baker et al. 1994) to the northeast of New Caledonia suggests 
that it represents an immature island arc which could also extend along the Loyalty Ridge
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to the east of New Caledonia. The morphology and characteristics of this ridge are 
discussed below.
Loyalty Ridge
The Loyalty Ridge is 80 km wide, 1100 km long and oriented northwest southeast. It 
consists of a continuous ridge 400-1000 m above the floor of the South Loyalty Basin, 
and 1100-2000 m above the floor of the North Loyalty and South Fiji Basins, surmounted 
by a linear chain of 12-15 seamounts and islands rising up to sea level (4000 m above the 
floor of the basins). These are large (10-50 km in diameter), circular or irregular in shape, 
50 to 100 km from centre to centre (Fig. 9.3) (Monzier et al. 1991; Rigolot 1988), and at 
least seven of the structures have islands or reefs. The only outcrops of non-carbonate 
rocks are alkaline basalts (Lacroix 1940) which occur on the island of Mare, and have 
been dated to between 9-12 Ma (Baubron et al. 1976). Ocean floor to the east of the 
Loyalty Ridge in the North Loyalty Basin is thought to have developed between 55 and 42 
Ma at a spreading ridge oriented northeast-southwest (approximately at right angle to the 
ridge) in a backarc setting (Andrews et al. 1975; Weissel et al. 1982). This suggests that 
the basin was largely formed before the obduction in New Caledonia (the first uplift 
occurred sometime between 38-47 Ma). Ocean floor to the west of the ridge in the South 
Loyalty Basin is thought to be continuous with the ultramafic terrane in New Caledonia 
and therefore must have formed during the Cretaceous at a spreading ridge oriented 
eastwest, with the ocean floor becoming younger to the south (Fig. 9.4).
Two hypotheses have been developed to account for the genesis of the ridge. The first 
postulates that it was formed by hot spot volcanic activity superimposed on a transform 
fault structure (Paris 1981; Kroenke 1984; Rigolot 1988). The differences in the age of 
the ocean floor to the east of the ridge compared to that in the west suggests that the ridge 
is formed at a major crustal discontinuity. However, the crustal thickness of 25 km (Collot 
et al. 1987) is much greater than would be expected for an oceanic transform (generally 
similar to oceanic crustal thickness ~10 km). The width (80 km), the steep margins and the 
curved shape (30° difference in trends between the south and north) are unlike those of 
ridges associated with transform faults. In addition to morphological differences, a more 
southerly trend is predicted for hot spots in this area. The Norfolk Island hot spot can be 
traced along a path which traverses the uneven sea floor to the south of New Caledonia at 
about 14-17 Ma, close to the time of formation of alkalic basaltic rocks in that area (18-19 
Ma). This same hotspot could have been located near the island of Mare, in the Early 
Miocene (Fig. 9.5) (Rigolot 1989) in order to produce the alkalic basalts.
The second hypothesis, based on the morphology of the Loyalty Ridge, suggests that it 
represents an old inactive island-arc locally overlain by minor late stage hot spot volcanics 
(Dubois et al. 1974; Lapouille 1978; Maillet et al. 1983; Collot et al. 1987; Aitchison et
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Figure 9.3 Gravity anomalies from satellite altimetry for the region around New Caledonia
showing the structure of the Loyalty Ridge and its possible continuation along the 
South d’Entrecasteaux Ridge
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Figure 9.4 Spreading patterns in the ocean floor of basins around New
Caledonia. Spreading patterns for North Loyalty Basin from Weissel 
et al. (1982), South Fiji Basin from Davey (1982), South Loyalty 
Basin from Prinzhofer et al. (1980), New Caledonia Basin from 
Kroenke (1984).
Figure 9.5 Expected hotspot trail for a Miocene hotspot in the Loyalty region 
using plate model from Yan & Kroenke (1993). The trend of this 
hotspot trail (thick black line) is different to the trend of the Loyalty 
Ridge.
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al. 1995). Although arc-related rocks are not exposed, the ridge has many characteristics 
which are similar to modem island arcs. The spacing and volume of the seamounts along 
the chain resembles those described from modem island arcs (eg. 50-70 km spacing for 
the large Mariana volcanoes; Bloomer et al. 1989). The trend of the Loyalty Ridge is 
parallel to the trace of the obduction zone separated by approximately 130-170 km from 
the westernmost outcrop of the peridotite nappe, over the entire 680 km length of the New 
Caledonia and its northern continental margin. The separation between the thrust surface 
and the ridge is similar to the distance between the arc and the subduction zone in modern 
island arcs such as the Bonin arc system (180-220 km; Honza and Tamaki 1985), the 
Tonga Kermadec system (180-200 km; Tappin 1993) and the New Hebrides island arc 
(140-160 km; Collot et al. 1992). An island arc origin for this ridge is also supported by 
recent drilling on the d’Entrecasteaux Zone to the north of the Loyalty Ridge.
D’Entrecasteaux Zone
To the north of New Caledonia the obduction zone can be followed along the 
d’Entrecasteaux Zone (Maillet et al. 1983). This is a 140 km wide zone with a complex 
morphology which extends for 600 km from the northern tip of the New Caledonian 
continental shelf (280 km north of the island) to the New Hebrides Trench (Figs. 9.1 & 
9.3). It probably represents both the offshore extension of the New Caledonia obduction- 
subduction zone (Maillet et al. 1983) and the northern extension of the subduction zone 
on the west coast of New Caledonia (Collot et al. 1988). The zone contains two ridges 
separated by a central basin (Burne et al. 1988), although this morphology is not always 
present, especially in the central and eastern sections (Maillet et al. 1983). There is now a 
great deal of evidence that this ridge is of subduction-related origin; the fossil subduction 
zone morphology can be seen on several seismic profiles (Fig. 9.6), the volcanics rocks on 
the North d’Entrecasteaux Ridge have an island arc-related basin signature (Coltorti et al. 
1994) and there are andesitic island arc volcanoes on the south d’Entrecasteaux Ridge 
(Baker et al. 1994). The North Loyalty Basin to the south of the ridge contains arc-derived 
volcaniclastic sediments intruded by gabbros (Andrews et al. 1975). Tectonic activity 
along this zone probably occurred during the Eocene, as constrained by middle Eocene 
planktonic foraminifers identified in a breccia on the North d’Entrecasteaux Ridge (Collot 
et al. 1992; Coltorti et al. 1994), Eocene (36-56 Ma) fission track dates for North 
d ’Entrecasteaux Ridge basalts (Maillet et al. 1983), and middle Eocene dated 
volcaniclastics from DSDP site 286 in the North Loyalty Basin (Andrews et al. 1975). 
Site 286 also shows a marked decrease in volcaniclastic sedimentation towards the top of 
the Eocene or the lower Oligocene, indicating that volcanic activity along the ridge 
probably stopped shortly after the obduction of the ultramafic rocks in New Caledonia. 
This data shows that a northwest facing island arc system was present to the northeast of 
New Caledonia prior to the obduction of the ophiolite nappes.
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Subduction zone to the southeast of New Caledonia
To the southeast of New Caledonia the trace of the subduction/obduction zone is less 
obvious than along the d ’Entrecasteaux Zone. The main obduction zone (the southern 
extension of the base of the ultramafic rocks in New Caledonia) probably diverges to the 
east of the Norfolk Ridge. Its exact location is unclear, as the area has a complex 
topography crosscut by major normal faults (Rigolot 1989; Dupont et al. 1995) and is 
further complicated by Miocene hot spot basalts (Rigolot 1989). This zone may also 
contain basalts from the Poya terrane as tholeiitic basalts and Cretaceous gabbros have 
been dredged from the area (Rigolot 1989).
The parallel relationship between the obduction/subduction zone and the Loyalty Ridge 
(Fig. 9.3) may continue in the south, suggesting that the zone must lie close to the western 
margin of the South Loyalty Basin. Satellite altimetry data (Fig. 9.3) and recent 
topographic data (Dupont et al. 1995) show some linear north-west-south-east structures 
roughly parallel to the southern Loyalty Ridge which are probably close to the edge of the 
ultramafic nappe. A seismic section taken through the southern part of the Loyalty Ridge 
suggests that the obduction/subduction zones occurs near the change between the irregular 
topography in the west and the basin and ridge topography in the east (Fig. 9.6). It may 
also extend further south and continue to the Cook Fracture Zone.
Beyond the Cook Fracture Zone the location of the fossil plate boundary is largely 
speculative. The Three Kings Ridge represents a possible continuation of the Loyalty 
Ridge after an offset of 250 km along the Cook Fracture Zone. The morphology is similar 
to that of the Loyalty Ridge (Fig. 9.6) although it was probably active in the Oligocene or 
Miocene (Eade 1988), 5 to 20 Ma after the obduction in New Caledonia
The trace of the west New Caledonian subduction zone, which is interpreted in this study 
as a short-lived convergence zone developed in response to the collision on the east coast 
of New Caledonia, probably follows the western side of the Norfolk Ridge (see above) 
and becomes gradually less pronounced to the south as postulated by Kroenke (1984).
Morphology of the obduction/subduction zone
Comparison of seismic profiles of the southern Loyalty Ridge, the South Loyalty Basin 
and the d’Entrecasteaux Zone (Fig. 9.6) show many common features, suggesting that 
they formed a single subduction zone, forearc basin and island arc. The similarities include 
a narrow trough at the paleo-subduction site with a horst 20-40 km wide (North 
d’Entrecasteaux Ridge and an unnamed ridge in the south) which have been strongly 
affected by extensional tectonics. These are separated from the volcano-like chains of 
seamounts in the Loyalty Ridge and the South d’Entrecasteaux Ridge by the 100-140 km 
wide, Central d’Entrecasteaux Basin (Bume et al. 1988) and the South Loyalty Basin. The 
Three Kings Ridge, which was interpreted by Kroenke & Dupont (1982) as a west-facing
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Figure 9.6 Seismic sections accross the d'Entrecasteaux, Loyalty and Three Kings Ridges 
showing the similarity in the morphology of these ridges. Section A-B and C-D 
from Bume et al. (1988), section E-F from Baker et aL (1988), section G-H 
from Kroenke and Dupont (1982). See Fig. 9.7 for location. Scale is similar in all 
sections. Vertical exaggeration is approximately 9.
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Figure 9.7 Satelite gravity map showing the location of the seismic sections 
illustrated in Figure 9.6. This map also shows the similarity in the 
structure between the Three King Ridge, the Loyalty Ridge and the 
d'Entrecasteaux Zone.
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volcanic arc, contains similar trough-horst-basin-volcano features (Fig. 9.6) which 
suggests a genetic relationship with the New Caledonian obduction.
New Guinea-New Caledonia-New Zealand obductions
The Papuan ophiolite in New Guinea and the Northland ophiolite in New Zealand have 
many characteristics similar to the New Caledonian ultramafic terrane. They were all 
formed during the Cretaceous and obducted in the Eocene or Oligocene from the east onto 
the easternmost fragments of Gondwana (Rodgers 1975; Aubouin et al. 1977; Parrot & 
Dugas 1980; Wells 1989; Aitchison etal. 1995).
The Papuan ultramafic belt is a large well-preserved ophiolite of similar size to the New 
Caledonian ultramafic terrane (400 km long 50 km wide) (Davies & Jaques 1984), 
containing >12 km of depleted mantle peridotite, gabbro and depleted basalt. It is also 
underlain by a 1 km thick nappe of basalt and gabbro (Davies & Jaques 1984), although 
these rocks are much more metamorphosed than those from the Poya nappe. These, and 
other smaller ophiolite complexes in New Guinea were emplaced in the Eocene during an 
island arc collision with the outer margin of the Australian craton (Davies & Jaques 1984).
Despite these similarities the trace of the obduction/subduction zones cannot be followed 
in the basins and ridges between the New Caledonian ultramafic nappe and the Papuan 
ultramafic belt. To the north of New Caledonia the obduction/subduction zone follows the 
d’Entrecasteaux Zone and disappears into the New Hebrides Trench. To the south of the 
Papuan ultramafic belt the fossil subduction/obduction zone probably follows the 
Pocklington Trough (Kroenke 1984), then may turn south towards New Caledonia along 
the Rennel Trough (Kroenke 1984; Yan & Kroenke 1993) or it may disappear into the 
San Cristobal Trench in the Solomon Islands (Wells 1989).
The Northland ophiolite is a Cretaceous to Oligocene fragment of ocean floor, with 
MORB or mature BABB geochemical signatures and alkalic seamounts, which was 
obducted above a flat-lying detachment from the northeast during the Late Oligocene or 
Miocene (Brothers & Delaloye 1982; Sporli 1982; Malpas et al. 1992; Cassidy 1993). 
The MORB/alkalic geochemistry of the igneous rocks suggests that the ophiolite is likely 
to have been detached from a transform fault close to the continental margin rather than 
obducted during collision of an island arc with the New Zealand continent (Brothers & 
Delaloye 1982). The similarity in morphology between the Three Kings Rise and the 
Loyalty Ridge raises the possibility that they may be related.
Unfortunately, most discussions concerning the Cretaceous to Eocene tectonics of the 
southwest Pacific remain highly speculative due to the lack of data, although there is 
mounting evidence for a regional Eocene collision between one or more west-facing island 
arcs and all the easternmost fragments of Gondwana between New Zealand and central 
New Guinea.
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EOCENE TO RECENT SOUTHWEST PACIFIC
The termination and collision of the Eocene arc with New Caledonia coincides with the age 
of the oldest rocks recovered from the modem southwest Pacific island arc system. 
Middle Eocene limestone overlying Eocene rhyolite (mean age 44±2 Ma, McDougall 
1994) from site 831 in the Tonga-Kermadec forearc, and middle Eocene limestone 
overlying island arc tholeiites on Eua island in Tonga are the same age as the shallow 
water limestones from the beginning of the syn-collisional sequence in New Caledonia 
(Dr. G. Chaproniere, AGSO, Australia, pers. comm, 1995). The imprecise dating of the 
New Caledonian samples prevents determination of which came first; the oldest rocks in 
the Tonga-Kermadec system or the New Caledonian shallow water limestones. However, 
regardless of the order of deposition they must have been formed within 10 Ma of each 
other. Both the New Caledonian obduction and the initiation of the modern TK island arc 
system occurred at the same time and within close proximity to the other. Magnetic 
lineations in the South Fiji Basin and the absence of a trapped Pacific plate suggest that 
the Lau-Tonga-Kermadec system was initiated close to New Caledonia (Gill 1987). The 
South Fiji Basin magnetic lineations show that spreading occurred between the latest 
Eocene (35.5 Ma) and the Late Oligocene (25.5 Ma) (Watts et al. 1977; Weissel et al. 
1982; Malahoff et al. 1982) at a now-extinct ridge-ridge-ridge triple junction located 200 
km northeast from the end of the Three King Ridge (Fig. 9.4). They show that at least part 
of the arc has rotated anticlockwise from a position similar to that of the present day 
Hunter Ridge. This resembles the tectonic models of Falvey et al. (1991) but differs from 
many other tectonic reconstructions of the southwest Pacific (eg. Davey 1982; Wells 
1989; Yan & Kroenke 1993). The symmetrical nature of the spreading patterns suggest 
that the South Fiji Basin was created by a separate event to that of the nearby North 
Loyalty Basin and that there is a discontinuity in the Australian Plate beneath the Hunter 
Ridge, between the Loyalty Islands and Fiji (Monzier 1993). This was probably caused by 
the rifting of the Lau-Tonga-Kermadec arc at approximately 35 Ma. Prior to that time the 
history of this arc is uncertain.
Using the data reviewed in this chapter two models are proposed.
1. The attempted subduction of the New Caledonian continental fragment in the west­
facing Loyalties-South d ’Entrecasteaux island arc caused a reversal of subduction 
direction and initiation of subduction in the Lau-Tonga-Kermadec system at a weakness in 
the backarc (eg. the active North Loyalty Basin spreading ridge).
or
2. The Loyalties-South d’Entrecasteaux island and the Lau-Tonga-Kermadec island arcs 
originated separately as a result of plate reorganisations somewhere to the east of New 
Caledonia. One section evolved into a proto-island arc before colliding with New 
Caledonia and the other went on to become the Lau-Tonga Kermadec system.
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Although these models are very different, more precise age controls on magmatic events in 
the ultramafic terrane and the basins and ridges surrounding the island are required before 
these can be differentiated.
The largely unexplored areas between New Guinea and New Zealand, with complex 
structures containing fossil subduction zones, spreading ridges, transform faults, relict arc- 
related basins and thinned submerged continental fragments are the key for reconstructing 
the events leading to the fragmentation of the eastern Australian margin, the termination of 
the pre-Eocene island arcs and the beginning of the modem Tonga-Kermadec and New 
Hebrides subduction zones. The geology of New Caledonia and the geology of the ridges 
and basins surrounding the island show that at least two separate island arcs were present 
in the Pacific, one facing east during the Cretaceous and one facing west during the 
Eocene, terminating during the initiation of the modern southwest Pacific island arc 
system.
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CHAPTER 10
CONCLUSIONS AND FUTURE RESEARCH POSSIBILITIES
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Examination of the metamorphism, petrology, geochemistry and sedimentology of the 
New Caledonian Central Chain terrane has provided a new model for the tectonic evolution 
of this terrane and its relationship to similar terranes in New Caledonia, New Zealand and 
eastern Australia.
The Central Chain ophiolites in New Caledonia were formed in a supra-subduction setting 
close to an island arc volcaniclastic source. The ophiolites are now preserved from the 
upper layered gabbros through to volcanics and overlain by pelagic siltstones and a thick 
Middle Triassic to Upper Jurassic volcaniclastic sequence.
All of the Central Chain ophiolite fragments, except for the Koh ophiolite, were formed by 
a single tholeiitic magmatic episode similar in its petrogenesis and geochemistry to 
backarc basin basalts. The Koh ophiolite was formed by two tholeiitic magmatic episodes 
separated by boninites. The first event formed cumulate gabbros, dolerites, plagiogranites 
and a pillow lava sequence from a tholeiitic magma with strong LREE-depletion and low 
TiC>2. Shortly after their eruption, these tholeiitic lavas were overlain by a high-Ca 
boninitic unit with a basal section of boninite pillows, flows and breccias and an upper 
section of boninitic dacites and tuffs. The third magmatic event produced evolved tholeiitic 
pillow basalts which overlie the boninites and intrude the older plutonic and volcanic 
sections of the ophiolite.
The boninitic volcanics belong to a high-Ca series similar to Cenozoic boninites in the 
modern Izu-Bonin-Marianas and Tonga-Kermadec systems but with slightly lower SiC>2, 
AI2O3, TiC>2 and Zr. These boninites were formed shortly after the production of backarc 
basin crust represented by the depleted tholeiites, and shortly before a second spreading 
event which caused 40-60% extension of the initial basin crust and eruption of the upper 
tholeiites. The dominance of BABB-like tholeiites throughout the Central Chain ophiolites, 
the restricted occurrence of boninites, and the stratigraphy and chemistry of the Koh 
ophiolite, suggest that the boninites were erupted in a backarc setting in response to an 
exceptional tectonic situation during the generation of SSZ ocean lithosphere.
A new model is proposed for the generation of boninites in the Koh ophiolite which 
involves adiabatic decompression of hot depleted mantle residuum from the production of 
the lower tholeiites, during initiation of rifting of young oceanic crust associated with 
propagation of a backarc basin spreading centre.
Sedimentary rocks above the ophiolite consist of pelagic siltstones overlain by a thick 
sequence of tuffaceous siltstones, black siltstone turbidites and volcaniclastic sandstones 
and conglomerates deposited by high-density turbidity currents and debris flows from a 
nearby arc volcanic source. The trace fossils, common in all the finer grained lithologies, 
indicate a deep water deposition environment.
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The sandstones are similar to those from modem island arcs and consist largely of poorly 
sorted angular lithic fragments and plagioclase crystals with minor quartz and 
clinopyroxene. These were derived mainly from andesitic calc-alkaline volcanics from 
nearby island arc volcanoes which must have remained active over a long period of time 
(>100 Ma). No definite evidence was found of continental material within these Central 
Chain sedimentary rocks. The petrography and source characteristics of the Central Chain 
terrane are similar to volcaniclastic rocks from the Teremba terrane on the western coast of 
the island, however their stratigraphies and deposition environments differ significantly, 
and the relationship between the two terranes remains uncertain.
The Teremba and Central Chain terranes were generated within a complex regional system 
of island arcs, close enough from the Gondwana continent to share similar flora although 
far enough away to be devoid of continent-derived sediments. Initiation of this system 
occurred synchronously with the beginning of subduction-related deposition in a number 
of arc-related terranes in New Zealand and eastern Australia.
Comparison of the New Caledonian terranes with those of New Zealand and eastern 
Australia indicates no conclusive genetic relationship beyond their present location and 
their arc-related character. The diversity of tectonic and source histories recorded within 
the terranes suggests they were formed within a complex system involving multiple 
continental and island arcs. Termination of the arc system and the amalgamation of the 
pre-Cretaceous terranes occurred in the Late Jurassic or the Early Cretaceous during mild 
compressional tectonics followed by strike-slip tectonics, possibly as a result of global 
changes in plate vectors, ridge subduction or arc continent-collision.
The post-Cretaceous rocks in New Caledonia and a number of submerged basins and 
ridges around the island formed during extensional tectonics during the Cretaceous and 
collision tectonics during the Eocene. Collision occurred during the attempted subduction 
of the New Caledonian continental block beneath a west facing island arc and resulted in 
the obduction of the ultramafic nappe underlain by a nappe of Late Cretaceous to Late 
Paleocene basalts. These basalts were accreted onto the base of the ultramafic rocks 
beneath the forearc of the island arc. Syn-collisional sediments were derived largely from 
the underlying basaltic nappe rather than the main overthrust unit. The entire collision, 
from the initial uplift of the thinned New Caledonian continental fragment to significant 
erosion of the ultramafic nappe, occurred during a relatively short period of time (<10 
Ma). This collision was approximately synchronous with the eruption and deposition of 
the oldest rocks recorded from the modern TK system. This and the southwest Pacific 
spreading pattern suggests that the island arc which collided with New Caledonia and the 
initiation of the modem TK system are related. Either the obduction caused a flip in the 
arc, initiating southeasterly facing subduction, or both island arc systems originated in the 
same area as a result of similar tectonic processes.
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FURTHER RESEARCH
Although this thesis has examined a number of problems relating to the tectonic history of 
New Caledonia, many others beyond the scope of this project remain unresolved, or are 
new questions which have arisen from this study. These are listed briefly below.
-The age of the Central Chain ophiolites remains uncertain, but zircon dating of 
plagiogranites from the Koh ophiolite is presently being undertaken and should resolve 
this problem.
-The lithostratigraphy of the bulk of the Central Chain terrane remains unknown although 
the work in this thesis on the base of the sedimentary sequence shows that resolution of 
the stratigraphy is possible using sedimentary facies and structural analysis, together with 
the bio stratigraphic data from the sparse fauna.
-Some of the rocks in the Thio-Boulouparis area are different to those from the Central 
Chain terrane, in particular Permian volcaniclastic rocks described by Lozes etal. (1976). 
It is uncertain to which terrane these rocks belong.
-The Boghen terrane remains mostly unknown and its role, if any, in the accretion of the 
Central Chain and Teremba terranes, as well the tectonic setting in which it formed could 
provide a great deal of information about the tectonics of the Late Carboniferous to Early 
Cretaceous terranes.
-The tectonic setting and chemical character of the Upper Cretaceous volcanics 
interbedded with quartz-rich sandstones remains mostly unknown. These rocks could 
provide some information about the accretion of the pre-Cretaceous terranes as well as 
plate configurations associated with the Cretaceous extension.
-Aronson and Tilton (1971) showed that Precambrian zircons are present in the 
Cretaceous sandstones. Further work on these zircons, similar to that undertaken in New 
Zealand using modern U/Pb methods (Ireland 1992), could constrain the source 
characteristcs and accretion of the pre-Cretaceous terranes.
-A thorough geochemical and mineralogical study of New Caledonian peridotites and 
comparison with recent work on peridotites formed in MOR and island arc settings could 
provide much information on the tectonics of the pre-Upper Eocene island arc system.
-The geology of a vast submerged fossil island arc system in the unexplored ridges and 
basins between New Guinea, New Caledonia and New Zealand is relatively unknown and 
remains the key to unravelling the history of the southwest Pacific prior to the Oligocene.
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APPENDIX 1 : SAMPLE LOCATIONS
U S G D  N o. F ie ld  No. L o c a t i o n R o c k T erran e G rid  R e fe re n c e s
7 0 9 3 8 3 3 4 K o h  o p h io l i t e lo w e r  th o le i i te C e n tr a l  C h a in 5 8 2 8 7 6 1 8 2
7 0 9 3 9 4 7 5 K o u a  o p h io l i t e p l a g i o g r a n i t e C e n tr a l  C h a in 6 1 2 4 7 5 9 4 0
7 0 9 4 0 2 5 7 K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 8 5 3 7 6 1 5 6
7 0 9 4 1 1 1 3 K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 8 5 2 7 6 1 4 3
7 0 9 4 2 3 1 3 K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 8 4 5 7 6 1 3 2
7 0 9 4 3 2 8 5 K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 8 3 6 7 6 1 8 0
7 0 9 4 4 2 8 3 K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 8 4 1 7 6 1 7 3
7 0 9 4 5 3 5 2 K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 7 9 3 7 6 2 1 4
7 0 9 4 6 3 9 6 K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 8 4 7 7 6 1 3 0
7 0 9 4 7 1 2 0 K o h  o p h io l i t e b o n i n i t e C e n t r a l  C h a in 5 8 5 0 7 6 1 5 8
7 0 9 4 8 10 K o h  o p h io l i t e u p p e r  tho le i i te C e n tr a l  C h a in 5 8 0 2 7 6 2 0 9
7 0 9 4 9 5 0 P o c q u e re u x  o p h io l i t e t h o l e i i t e C e n tra l  C h a in 5 9 6 6 7 5 9 7 7
7 0 9 5 0 1 18 K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 8 5 1 7 6 1 5 8
7 0 9 5 1 3 13B K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 8 4 5 7 6 1 3 2
7 0 9 5 2 6 K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 8 0 6 7 6 2 0 0
7 0 9 5 3 14 K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 8 2 1 7 6 1 9 2
7 0 9 5 4 3 3 6 K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 8 2 2 7 6 1 9 3
7 0 9 5 5 1 15 K o h  o p h io l i t e b o n i n i t e C e n tr a l  C h a in 5 8 5 5 7 6 1 4 9
7 0 9 5 6 4 K o h  o p h io l i t e c u m u la te  g a b b ro C e n tr a l  C h a in 5 8 0 9 7 6 1 8 4
7 0 9 5 7 15 K o h  o p h io l i t e c u m u la te  g a b b ro C e n tr a l  C h a in 5 8 2 0 7 6 1 8 7
7 0 9 5 8 3 2 2 K o h  o p h io l i t e lo w e r  tho le i i te C e n tr a l  C h a in 5 7 8 0 7 6 2 3 3
7 0 9 5 9 1 0 7 K o h  o p h io l i t e lo w e r  tho le i i te C e n tr a l  C h a in 5 8 4 1 7 6 1 3 0
7 0 9 6 0 2 6 6 K o h  o p h io l i t e lo w e r  tho le i i te C e n tr a l  C h a in 5 8 4 9 7 9 1 4 9
7 0 9 6 1 2 6 9 K o h  o p h io l i t e lo w e r  tho le i i te C e n tr a l  C h a in 5 8 4 9 7 6 1 5 0
7 0 9 6 2 2 7 3 K o h  o p h io l i t e lo w e r  tho le i i te C e n tr a l  C h a in 5 8 5 1 7 6 1 5 1
7 0 9 6 3 2 7 0 K o h  o p h io l i t e lo w e r  tho le i i te C e n tr a l  C h a in 5 8 4 9 7 6 1 5 2
7 0 9 6 4 1 0 7 B K o h  o p h io l i t e p l a g i o g r a n i t e C e n tr a l  C h a in 5 8 4 1 7 6 1 3 0
7 0 9 6 5 2 K o h  o p h io l i t e u p p e r  th o le i i te C e n tra l  C h a in 5 8 1 4 7 6 1 8 9
7 0 9 6 6 2 9 9 K o h  o p h io l i t e u p p e r  th o le i i te C e n tra l  C h a in 5 8 4 3 7 6 1 6 2
7 0 9 6 7 3 1 5 K o h  o p h io l i t e u p p e r  th o le i i te C e n tr a l  C h a in 5 8 5 0 7 6 1 3 9
7 0 9 6 8 2 6 0 K o h  o p h io l i t e u p p e r  tho le i i te C e n tr a l  C h a in 5 8 5 7 7 6 1 6 0
7 0 9 6 9 2 9 7 K o h  o p h io l i t e u p p e r  tho le i i te C e n tr a l  C h a in 5 8 3 9 7 6 1 6 9
7 0 9 7 0 8 7 S p h in x  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 4 2 2 7 6 5 0 6
7 0 9 7 1 5 8 S p h in x  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 4 4 5 7 6 5 2 9
7 0 9 7 2 135 S p h in x  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 4 8 1 7 6 5 1 2
7 0 9 7 3 7 7 S p h in x  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 4 4 7 7 6 5 1 9
7 0 9 7 4 1 8 4 S p h in x  o p h io l i t e t h o l e i i t e C e n tra l  C h a in 5 4 7 4 7 6 4 9 8
7 0 9 7 5 19 7 S p h in x  o p h io l i t e p l a g i o g r a n i t e C e n tr a l  C h a in 5 4 0 8 7 6 5 0 1
7 0 9 7 6 193 S p h in x  o p h io l i t e t h o l e i i t e C e n tra l  C h a in 5 4 4 3 7 6 4 9 1
7 0 9 7 7 4 8 7 T a r o u im b a  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 3 5 6 7 6 5 1 7
7 0 9 7 8 4 8 8 T a r o u im b a  o p h io l i te t h o l e i i t e C e n tr a l  C h a in 5 3 5 2 7 6 5 1 7
7 0 9 7 9 4 9 0 T a r o u im b a  o p h io l i te t h o l e i i t e C e n tr a l  C h a in 5 3 4 8 7 6 5 2 3
7 0 9 8 0 10 3 P o c q u e re u x  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 9 5 3 7 5 9 4 0
7 0 9 8 1 2 7 P o c q u e re u x  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 9 6 1 7 5 9 7 6
7 0 9 8 2 101 P o c q u e re u x  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 9 5 3 7 5 9 7 5
7 0 9 8 3 2 9 P o c q u e re u x  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 9 6 5 7 5 9 7 6
7 0 9 8 4 4 5 9 P o c q u e re u x  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 9 8 5 7 5 9 4 4
7 0 9 8 5 4 6 0 P o c q u e re u x  o p h io l i t e t h o l e i i t e C e n tra l  C h a in 6 0 0 2 7 5 9 7 0
7 0 9 8 6 4 6 9 P o c q u e re u x  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 9 7 7 7 5 9 7 4
7 0 9 8 7 4 7 1 K o u a  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 6 1 1 4 7 5 9 3 4
7 0 9 8 8 4 7 8 K o u a  o p h io l i t e t h o l e i i t e C e n tra l  C h a in 6 1 2 2 7 5 9 4 3
7 0 9 8 9 143 C a n ta lo u p a i '  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 4 9 6 6 7 6 9 6 4
7 0 9 9 0 1 5 0 C a n ta l o u p a i  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 4 9 0 8 7 6 9 5 4
7 0 9 9 1 1 6 8 C a n ta l o u p a i  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 0 7 2 7 6 9 2 7
7 0 9 9 2 171 C a n ta l o u p a i  o p h io l i t e t h o l e i i t e C e n tr a l  C h a in 5 0 6 2 7 6 9 0 1
7 0 9 9 3 1 2 3 K o h  o p h io l i t e ra d io la r ia n  c h e r t C e n t r a l  C h a in 5 8 4 8 7 6 1 8 4
7 0 9 9 4 4 3 7 M t  R e m b a i b lac k  s i l ts tone C e n tr a l  C h a in 5 8 7 5 7 6 1 1 7
7 0 9 9 5 2 0 0 G o n d é  va lley tu f fac eo u s  s i l ts to n e  C e n t r a l  C h a in 5 4 0 1 7 6 5 0 8
7 0 9 9 6 5 7 0 La Foa  R iver s a n d s to n e C e n t r a l  C h a in 5 9 5 9 7 6 0 4 7
7 0 9 9 7 1 2 4 K o h s a n d s to n e C e n tr a l  C h a in 5 8 4 9 7 6 1 8 4
7 0 9 9 8 1 3 2 N u  va lley s a n d s to n e C e n tr a l  C h a in 5 4 7 3 7 6 5 2 6
7 0 9 9 9 2 0 2 G o n d é  va lley sa n d s to n e C e n t r a l  C h a in 5 4 0 1 7 6 5 0 8
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U S G D  N o . F ie ld  N o. L o c a t i o n R o c k T erran e G rid  R e fe re n ce s
7 1 0 0 0 1 3 2 B N u  va lley s a n d s to n e C e n tra l  C h a in 5 4 7 3 7 6 5 2 6
7 1 0 0 1 5 0 9 T an g h i  W ar f d a c i t e T é re m b a 5 7 2 8 7 5 9 3 9
7 1 0 0 2 TW1 T an g h i  W a r f d a c i t e T é re m b a 5 7 2 8 7 5 9 3 9
7 1 0 0 3 T E I T ére m b a d a c i t e T é re m b a 5 7 3 4 7 5 9 5 8
7 1 0 0 4 TW3 T an g h i  W a r f d a c i t e T é re m b a 5 7 2 8 7 5 9 3 9
7 1 0 0 5 T E 3 T ére m b a s a n d s to n e T é re m b a 5 7 3 6 7 5 9 5 9
7 1 0 0 6 4 3 8 O u e n  C h a sn e s a n d s to n e C e n tr a l  C h a in 5 8 9 0 7 6 1 2 6
7 1 0 0 7 4 9 9 G o i p i n s a n d s to n e C e n tra l  C h a in 5 2 9 6 7 6 5 1 7
7 1 0 0 8 4 8 6 T a r o u im b a s a n d s to n e C e n tr a l  C h a in 5 3 6 4 7 6 5 2 0
7 1 0 0 9 4 5 4 P é h o u a n s a n d s to n e C e n tr a l  C h a in 5 9 9 6 7 5 9 6 4
7 1 0 1 0 1 2 3 B K o h s a n d s to n e C e n tr a l  C h a in 5 8 4 8 7 6 1 8 4
7 1 0 1 1 4 4 6 O u e n  C h a sn e s a n d s to n e C e n tr a l  C h a in 5 8 8 2 7 6 1 3 1
7 1 0 1 2 4 4 4 O u e n  C h asn e s a n d s to n e C e n tra l  C h a in 5 9 0 1 7 6 1 4 0
7 1 0 1 3 4 5 0 Sa rram é a  va lley b la c k  s i l ts tone C e n tr a l  C h a in 5 8 8 2 7 6 0 9 3
7 1 0 1 4 3 6 2 N ass irah E o c e n e  b recc ia 6 1 0 3 7 5 8 8 3
7 1 0 1 5 9 3 0 5 2 0 1 0 be tw ee n  Po y a  & B oura il r a d io la r ia n  c h e r t P o y a 5 4 1 4 7 6 2 3 9
7 1 0 1 6 9 3 0 5 2 0 1 3 be tw ee n  P oya  & B oura il r a d io la r ia n  c h e r t P o y a 5 4 4 2 7 6 2 3 0
7 1 0 1 7 2 2 4 M t  D orè r a d io la r ia n  c h e r t P o y a 6 6 6 6 7 5 3 5 2
7 1 0 1 8 3 6 9 M a n g a l i a ra d io la r ia n  c h e r t P o y a 5 1 4 0 7 7 0 4 8
7 1 0 1 9 2 2 1 T iw ak a b a sa l t P o y a 5 2 2 2 7 6 8 9 1
7 1 0 2 0 2 2 2 T iw ak a b a s a l t P o y a 5 2 1 2 7 6 8 9 1
7 1 0 2 1 2 1 5 T c h a m b a b a s a l t P o y a 5 2 4 6 7 6 8 2 6
7 1 0 2 2 2 1 3 P o i n d i m i é b a s a l t P o y a 5 3 4 0 7 6 8 3 7
7 1 0 2 3 3 6 6 A z are u x E o c e n e  l im es to n e 5 5 0 2 7 6 2 6 2
7 1 0 2 4 4 8 2 C o l  de  N épou i E o c e n e  l im e s to n e 4 9 6 8 7 6 4 5 0
7 1 0 2 5 5 0 5 N Z  C e m e ta ry E o c e n e  l im e s to n e 5 5 7 1 7 6 1 0 4
7 1 0 2 6 3 2 9 g o i p i n s a n d s to n e C e n tra l  C h a in 5 2 8 7 7 6 5 1 9
7 1 0 2 7 3 2 4 K o h -C a n a la  Rd s a n d s to n e C e n tr a l  C h a in 5 8 6 7 7 6 1 7 7
7 1 0 2 8 4 3 0 M t R em b a i s a n d s to n e C e n tra l  C h a in 5 8 6 7 7 6 1 1 3
7 1 0 2 9 1 0 6 B S a r ra m é a  va lley s a n d s to n e C e n tr a l  C h a in 5 8 7 2 7 6 0 7 6
7 1 0 3 0 12 4 B K o h s a n d s to n e C e n tr a l  C h a in 5 8 4 8 7 6 1 8 4
7 1 0 3 1 4 2 1 O u a  N em i s a n d s to n e C e n tr a l  C h a in 5 9 9 2 7 5 9 1 0
7 1 0 3 2 131 N u va lley s a n d s to n e C e n tra l  C h a in 5 4 7 3 7 6 5 2 6
7 1 0 3 3 8 6 M é K anin s a n d s to n e C e n tr a l  C h a in 5 3 9 3 7 6 5 2 7
7 1 0 3 4 5 0 7 M o i n d o u s a n d s to n e 5 6 9 8 7 6 0 1 7
7 1 0 3 5 5 1 2 O u a n o  P e n in su la s a n d s to n e T é re m b a 5 8 7 0 7 5 8 2 8
7 1 0 3 6 1 3 6 K é lé s a n d s to n e T é re m b a 5 6 4 3 7 5 9 9 2
Samples used in this thesis from Meffre (1991) and Pikoulas (1991)
U S G D  N o. F ie ld  No. L o c a t i o n R o c k T erran e G rid  R efe re n ce s
6 8 9 9 8 4 F O u e n  O u a i c u m u la te  ga b b ro C e n tra l  C h a in 5 8 2 6 7 6 1 9 8
6 9 0 0 2 1 2 H T o íl i  R iver d o l e r i t e C e n tra l  C h a in 5 8 3 7 7 6 1 5 6
6 9 0 0 3 1 3 H To'fli R iver g a b b r o C e n tra l  C h a in 5 8 3 7 7 6 1 5 6
6 9 0 0 7 2 4 H T oil i  R iver d o l e r i t e C e n tra l  C h a in 5 8 4 7 7 6 1 5 8
6 9 0 1 6 6 N K o h  R iver t o n a l i t e C e n tra l  C h a in 5 8 4 9 7 6 1 3 4
6 9 0 1 8 1 7 N K o h  R iver U p p e r  tho le i i te C e n tra l  C h a in 5 8 4 6 7 6 1 4 0
6 9 0 2 9 G A B 2 1 K oh  R iver U p p e r  tho le i i te C e n tra l  C h a in 5 8 3 9 7 6 1 3 1
6 9 0 4 4 N C 3 2 K o h - K o u a o u a  Rd U p p e r  tho le i i te C e n tra l  C h a in 5 8 3 8 7 6 1 9 2
6 9 0 5 0 7 J 2 K oh  R iver lo w e r  th o le i i te C e n tra l  C h a in 5 8 4 8 7 6 1 5 0
6 9 0 5 1 N C 9 K o h-C o l  d 'A m ie u  Rd b o n i n i t e C e n tra l  C h a in 5 8 5 2 7 6 1 4 2
6 9 0 5 8 N C 2 5 K o h -C o l  d 'A m ie u  R d s a n d s to n e C e n tra l  C h a in 5 8 6 1 7 6 1 5 5
6 9 0 6 0 G W 4 K o h -C o l  d 'A m ie u  R d b lac k  si ls tone C e n tra l  C h a in 5 8 6 0 7 6 1 5 3
6 9 0 7 6 E E 5 K o h -C o l  d 'A m ieu  R d b o n i n i t e C e n tra l  C h a in 5 8 5 4 7 6 1 4 7
APPENDIX 2:
Biostratigraphic Report on Samples from New Caledonia for S. Meffre.
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Three thin sections of bioclastic limestones were submitted for biostratigraphic 
determination. All three are bioclastic packstones containing shallow water derived bioclasts, 
such as larger neritic foraminiferids and coralline algae. Sample SM366 lacks planktic 
foraminiferids, but both SM482 and SM505 contain assemblages of planktic species, with 
SM505 containing the most diverse assemblage. It is these planktic species that permit a good 
biostratigraphic correlation. Ages for the biostratigraphy used herein is derived from the 1995 
AGSO Timescale, following Berggren et al., in press.
Table 1 is a distribution chart for the samples.
Sample: SM366:
This sample is a bioclastic packstone dominated by shallow water bioclasts. The 
foraminiferal assemblage is dominated by a diverse larger foraminiferal assemblage but lacks 
planktic species. This suggests that it was deposited in very shallow water conditions, with 
normal marine salinities, but not in direct communication with the ocean. The presence of 
Asterocyclina matanzensis and Discocyclina omphala suggests a Ta3 to Tb biostratigraphic 
correlation. However, the absence of the markers for the Tb stage, Pellatispira madaraszi and 
Spiroclypeus vermicularis, suggests a probable correlation with Taj.
Sample: SM482:
This sample is a planktic foraminiferal packstone with rare shallow water derived 
bioclasts, including rare larger benthic forms. The larger foraminiferal assemblage is dominated 
by Asterocyclina matanzensis without Discocyclina omphala; in addition a single specimen of 
Crespinina kingscoatensis is also present. This species is typical of the Late Eocene of southern 
Australia. Planktic species are the dominant bioclast. These include Globigerinatheka sp. and 
Turborotalia cerroazulensis (not the subspecies pomeroli), without Acarinina or Morozovella. 
This assemblage is typical of the zonal interval P.15 to P.17 (late Eocene). The faunal 
assemblage was probable deposited in an outer shelfal to upper slope environment, with normal 
marine salinities.
Sample: SM505:
This sample is a bioclastic packstone dominated by shallow water bioclasts (neritic 
larger foraminiferids, bryozoa, coralline algae, echinoids and molluscs) with rare planktic 
foraminiferids. The presence of Acarinina ?bullbrooki, Morozovella ?lehneri with Turborotalia 
cerroazulensis ?pomeroli indicates an age range from Zones P. 11 to P.14, that is middle 
Eocene. The presence of Asterocyclina matanzensis, without Pellatispira madaraszi and 
Spiroclypeus vermicularis, suggests a probable correlation with Taj. The assemblage was
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probably deposited in very shallow water conditions, with normal marine salinities, in direct 
communication with the ocean.
Discussion:
Two of the three samples contain planktic foraminiferids. One, sample SM482, is late 
Eocene, within the zonal interval P.15 to P.17, between 34 and 38.5 My, whereas a second 
sample, SM505 is middle Eocene, within the zonal interval P .ll to P.14, between 38.5 to 46 
My. Sample SM482 is from a level from which Paris et al., (1979) and Paris (1981) have 
recorded a Globigerinatheka semiinvoluta Zone (top P.14 to basal P.16) assemblage. This may 
narrow down the time interval to between 35 and 38 My for this sample. On this basis the age 
difference between SM482 and SM505 is from 0.5 My to 12 My! It is difficult to achieve a 
higher time resolution because of the uncertainty of the specific identification of the fossils in 
thin section, and because of the rarity of the planktic fauna. The third sample, SM366, contains 
only larger neritic foraminiferids and can only be assigned to a broad age range of Ta3 to Tb, 
that is middle to late Eocene; the absence of Pellatispira, which has been recorded from New 
Caledonia (Paris, 1981, table 12), from this sample suggests a probable middle Eocene Taj 
correlation.
Though middle and late Eocene shallow water carbonates are not rare in the SW Pacific 
region, the nature of the contact between the two epochs is not known, but almost certainly is 
marked by a hiatus. Most of these carbonates have been dated using larger neritic 
foraminiferids; planktic species are rare in these shallow water deposits. However, samples 
from ‘Eua Island (Tonga) have yielded planktic assemblages associated with larger neritic 
foraminiferids. Chaproniere (1993) has shown that a Taj larger neritic foraminiferid 
assemblage is associated with a Zone P.14 planktic foraminiferal assemblage (38.5 to 40 My), 
and a Tb larger neritic foraminiferal assemblage with a Zone P.17 planktic fauna (33.8 to 34 
My). However, this last assemblage is from the uppermost part of the Tb section and is 
somewhat younger than that recorded by Paris et al., (1979) and Paris (1981). There is almost 
certainly a hiatus marking the boundary between Taj and Tb in the Tonga area, but its duration 
is uncertain. In Site 841 a Taj larger neritic foraminiferal assemblage is associated with a P.14 
planktic assemblage and a Tb larger neritic foraminiferal assemblage with a Zone P.15 to P.16 
planktic association (Chaproniere, 1994; Nishi & Chaproniere, 1994). This Tb association is 
similar to that recorded by Paris et al., (1979) and Paris (1981). From the sparse data available 
it seems that the break between Taj and Tb seems to span at least the lower part of Zone P. 15, 
which may coincide with the drop in sea level postulated by Haq et al., (1988) at the P. 14/P.15 
boundary, and with the oceanic hiatus PHe of Keller et al., (1987).
Conclusions:
Sample SM366 is probably Taj (middle Eocene).
Sample SM482, is late Eocene, within the zonal interval P.15 to P.17, between 34 and 38.5 My. 
Sample, SM505 is middle Eocene, within the zonal interval P. l l  to P.14, between 38.5 to 46 
My.
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JNTRY: New_Caledonia OCEAN:
ÏA: Cote ouest
U S E  NUMBER: VESSEL:
IPLING DEVICE:
?ER DEPTH: DATE:
?ITUDE: LONGITUDE:
^LYST: G.C. Chaproniere
?ES: Three^slides of limestones were sent by S. Maffre from the Dept, 
of Geology, University of Sydney.
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APPENDIX 3: ANALYTICAL METHODS.
Samples selected for geochemical analysis were split into small fragments using a 
hydraulic press with tungsten carbide jaws, and sorted to remove veins, saw marks, organic 
material, weathered rock and strongly altered rock. Each sample was crushed in a tungsten 
carbide Tema Mill for 1 to 1.5 minutes. In all, more than 500 g of samples were crushed.
X-Ray Fluoresence
XRF analysis was undertaken at Department of Applied Geology at the University of New 
South Wales using a Siemens SRS 300 XRF, and at the Department of Geology at the 
University of Tasmania.
Major elements: preparation of glass discs
Exactly 0.84 g of oven dried rock powder was mixed with 4.5 g of flux and 0.06 g of 
ammonium nitrate. The mixture was heated in platinum crucibles to 1050 °C for 15 
minutes and poured onto a graphite mould on a hot plate. An aluminium plunger was used 
to quench the melt. Loss on ignition was calculated by weighing approximately 2 g of the 
dried rock powder, heating it to 1050 °C for 3 hours and re-weighing.
Trace elements: preparation of 40 mm pressed pellets
10 g of dried rock powder was mixed with 0.5 g of dry SX binder and pressed with a 
backing of boric acid powder for 1 minute at 24 MPa.
Limits of detection
The limits of detection for trace elements analysed using XRF are listed in Table A3.1
U N S W U T A S
R b 2 1
Sr 2 2
Zr 2 2
N b 1 0 .5
Y 2 2
V 2 1
Cr 2 2
N i 2 1
G a 2 n.a.
Pb 1 1.5
Table A3.1 Detection limits of the XRF analysis Abbreviations: UNSW-University of 
New South Wales, UTAS-university of Tasmania, n.a.-no data available.
Precision
The precision of the XRF data could not be examined on a statistical basis as none of the 
samples were analysed more than twice. However, one boninite (sample 70947) was 
analysed at both laboratories (Table 5.1) and allows a qualitative comparison of the 
machines and techniques. The results shows that the differences between the two 
laboratories are small, generally not large enough to affect the trends and results discussed 
in Chapter 5 and 6. International standard BE-N (Basalt GIT-IWG, Nancy France) was 
analysed at the University of New South Wales at the same time as the New Caledonian
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samples. The values for the standard are close to recommended values (Table A3.2) 
indicating that the analytical errors are negligible for the purposes of this thesis.
rec.
v a l u e
U N S W U N S W U N S W
R b 4 7 4 8 4 8 4 8
Sr 1 3 7 0 1 3 8 6 1 3 7 5 1 3 7 8
Zr 2 6 5 2 7 6 2 6 7 2 7 0
N b 1 0 0 1 1 2 111 1 1 2
Y 3 0 2 9 31 2 9
V 2 3 5 2 2 9 2 2 9 2 4 5
Cr 3 6 0 3 6 2 3 6 1 3 5 4
N i 2 6 7 2 7 1 2 6 8 2 7 7
G a 1 7 17 17 1 8
P b 4 0 1 0
Table A3.2 Comparison of XRF trace element analyses from the University of New 
South Wales of standard BE-N from Basalt GIT-IWG, Nancy France.
Instrumental Neutron Activation Analysis
Instrumental neutron activation analysis was undertaken using a 10 MW DIDO type 
nuclear reactor system located at the Lucas Heights Research Laboratory using standard 
procedures.
Detection limits
The REE content of the samples were all well above the detection limits for instrumental 
neutron activation analysis (Table A3.3).
d e t e c t i o n
l i m i t s
La 0.1
Ce 1
N d 2
S m 0 . 0 5
E u 0.1
Tb 0 . 5
H o 0 . 5
Yb 0.1
L u 0 . 0 5
Table A3.3 detection limits for instrumental neutron activation analysis at Bequerel 
Laboratories, Lucas Heights, Sydney.
Nd/Sm Isotopes
0.5 g of the powdered sample was repeatedly dissolved in concentrated HF and HCIO4 
and evaporated to fume out reagent. The samples were then converted to chloride using 
6M HC1 and split into two parts. One part (for isotope dilution) was spiked and the other 
(to measure isotope ratio) was left unspiked. Both samples were then centrifuged and 
passed through two sets of resin separating columns, one to separate REE and the other to 
separate Nd and Sm. The samples were loaded onto a metal filament in a drop of ionised 
water which was subsequently evaporated. The samples were analysed using a thermal 
ionisation mass spectrometer at the Centre for Isotope Studies at North Ryde in Sydney.
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Geological cross-section of the Koh ophiolite
See Map 1 for key and location. Vertical exaggeration = 1.
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Geological cross-section of the Pocquereux ophiolite
See Map 2 for key and location. Vertical exaggeration = 1.
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